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SECTI ON 16113

UNDERFLOOR DUCT SYSTEM

PART 1 GENERAL

1

1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (1996; Errata 96-4) National Electrica
Code

UNDERWRI TERS LABORATORI ES (UL)

UL 870 (1995) Wreways, Auxiliary Qutters, and
Associ ated Fittings

UL 884 (1994) Underfl oor Raceways and Fittings

.2 SUBM TTALS

CGovernnent approval is required for subnmttals with a "GA" designation
submittals having an "FI O' designation are for information only. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 01 Data
Trench Duct; GA.

Data published by the manufacturer to permt verification of the accuracy
and conpl eteness of informati on shown, and that the item proposed is of the
correct size, properly rated or applied, or is otherw se suitable for the
application and fully conforns to the requirenents of these specifications.
Approval will be based on published literature of the manufacturer, or a
certification of conpliance issued by the manufacturer as evidence of
conpliance with these provisions.

SD- 04 Dr awi ngs
Duct System GA

Detail drawi ngs consisting of accurate and conplete drawings as required to
denonstrate conpliance with the applicable provisions of the contract.

Drawi ngs shall clearly show the proposed | ayout of the duct system

i ncludi ng associ ated conduits and wireways. Draw ngs shall show
connections to equi pnent or equi pnent cabi nets, panel boards, and rel ated
components. Drawi ng shall be accurately scal ed or dinensioned to indicate
t he proposed | ayout of the system construction features of the facility or
bui | di ng, and equi pnent to be installed which would inpact the I ayout or
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1

usage of the duct system The layout shall ensure the clearances required
for the proper operation, maintenance, and use of the systemand facility
equi prent. Details shall be shown to indicate the manufacturer’s proposed
nmet hod of anchorage, |eveling, mating and other details of the system

i ncl udi ng appurtenances. The exact |ocation of blank ducts, duct narkers,
inserts, junction boxes, cover plates, service fittings, conduits, wire
troughs, and panel boards shall be shown. Each separate item proposed shal
be identified by the corresponding item nunber used on the |ist of

equi prent and materials. Distinction shall be nade between active, blank
future, or spare features of the duct system

SD- 07 Schedul es
Equi prent and Materials; FIO

A conplete itenmized listing of individual itens of equi pnent and materi al
proposed for incorporation into the work. Each itenization shall include
an itemnunber, the quantity of itens required or proposed, the nane of the
manuf acturer of each item the catal og nunber or similar ordering

i nformati on, and the nonencl ature shown on published literature of the
manuf act urer.

SD- 19 QOperation and Mi ntenance Manual s
Duct System GA

Fi ve copies of instruction manuals, concurrently with the installation
drawi ngs, including specific instructions for locating and installing
inserts of the preset and afterset types. Manuals shall include a |ist of
recommended spare parts, a list of tools provided, and any other data or
drawi ngs required for the nmintenance and future use of the duct system
Manual s shall be in suitable binders properly marked with pertinent
contract information, containing dividers and indexes. Revised nmanuals or
updated inserts, adjusted to show as-built conditions shall be furnished
within 30 days after installation is conplete.

.3 STANDARD PRODUCTS

Materi al s and equi prent shall be standard products of a manufacturer

regul arly engaged in the manufacture of the product and shall essentially
duplicate itens that have been incorporated into underfloor duct systens
for at least 2 years prior to the bid opening.

.4 DELI VERY, STORAGE, AND HANDLI NG

Materials delivered prior to use shall be stored off the ground within a
conpl etely encl osed structure or shall be conmpletely enclosed within a
weat her proof covering. Material shall not be unpacked until needed for
installation unless specific arrangenents have been approved i n advance.
At time of final inspection of the building, material required to be
delivered to the Contracting O ficer shall be properly packaged, marked,
and stored as directed.

.5 TOOLS

Two sets of tools for renoving junction box and trench duct covers shall be
f ur ni shed.

6 SYSTEM DESCRI PTI ON
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A conpl ete underfl oor raceway systemincluding interface conponents shal

be provided under this section. Service fittings shall be furnished with
receptacl es, jacks, or connectors unless otherwi se noted. Wring or cable,
if required, will be furnished and installed under other sections of the
specifications. Under this section, the wire or cable shall be connected
to devices or termnal blocks at the service fittings or shall be extended
into the fitting for future connection by others if so indicated on the

pl ans.

PART 2 PRCODUCTS

2.

2.

1 COVPONENTS

A conpl ete underfl oor duct system shall be furnished as indicated on the
drawi ngs. The system shall include blank and insert ducts, junction boxes,
supports, el bows, offsets, expansion joints, conduit, conduit adaptors,
wal I duct, trench duct, connections, and necessary fittings to forma
conplete installation. Equipnent and naterials shall be products of a
singl e manufacturer to the extent practicable.

101 Coordi nati on - General Requirenents

Layout and Contractor selections shall be fully coordinated with the
architectural, structural, nechanical, and el ectrical work throughout all
phases of this project including field nodifications. The |ocations of
duct shown on plans are intended to be approxi nate unl ess di nensi ons have
been included; routings of feeders and interconnections are schematic. The
overall configuration, relative proportions and general |ocations of

devi ces should be mmintained. Detailed drawings of the Contractor’s
proposed system shall be prepared as required under paragraph SUBM TTALS
and shall include notes, dinensions, details or other neans to show that
interfacing with, or accommodation to, other work has been acconpli shed.
Errors or conflicts encountered in the course of the project shall be
brought pronptly to the Contracting Oficer’s attention for resol ution
When the products of nore than one manufacturer will be utilized, the
Contractor shall coordinate with the manufacturers to insure that the

di fferent products are conpatible, that suppl enental conponents are
included if necessary, and that the products are installed per the

manuf acturer’s prescribed procedures.

1.2 Architectural Considerations

Exposed portions of the system such as junction box covers or trench duct
covers shall have finish treatnents or lay-in naterials conpatible with the
architectural features of the surrounding surfaces. Accessories necessary
to accommodat e specific finished floor configurations shall be selected and
installed in accordance with the recommendati ons and instructions of the
manuf acturer. Mbdifications of standard products, if required, shall be
perforned by or approved by the nmanufacturer

.2 SYSTEM TYPE

System shall be single | evel type, and shall consist of single duct as
i ndi cated. Duct systemshall be located in the structural slab and shal
conply with the requirenents of UL 884.

3 DUCTS - GENERAL

SECTI ON 16113 Page 5



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

2.

Internal cross section shall be not |less than 1936 square nillineters (3
square inches) for standard ducts and not |ess than 5161 square nillineters
(8 square inches) for larger ducts shown. M ninumthickness shall be in
accordance with Table 5.1 of UL 884. Duct shall be corrosion protected by
a coating of zinc or equival ent enanmel or organic paint.

.4 BLANK DUCTS

Bl ank duct (no insert) may be used in lieu of insert duct in permanent
corridors, vestibul es, passageways, |obbies, and for connecting ducts

bet ween parallel ducts less than 1.8 m (6 feet) (center-to-center), and as
feeders fromthe equi pnent closet or wire cabinet to the first junction box.

.5 JUNCTI ON BOXES

Junction boxes shall be of proper size to accommpdate the various sizes and
nunber of ducts shown. Single-Ilevel junction boxes shall have partitions
to isolate the various services, and shall afford access to each
conpartnent through a single handhol e.

.5.1 Cover Pl ates

Cover plates shall be adjustable before and after concrete is placed.

Pl ates and inner adjusting rings shall be readily renovable. Junction
boxes in finished areas shall be supplied with adapters or separate hol ders
of a type to receive the architectural floor finish nmaterial

.5.2 Connecti ons

Provi sion shall be nade at corners or in the bottom of junction boxes to
attach wall duct as shown.

.6 W RE TROUGHS

Wre troughs shall neet construction requirenents of UL 870 and conply with
NFPA 70.

T TRENCH DUCTS

Trench ducts shall be provided where shown as raceways for the feeder
portion of the underfloor duct system Duct dinmensions shall be as shown.
The design and construction of trench ducts shall permt renoval of the
cover plates to allow free access to the trench for the installation of

Wi ring without the necessity of renoving cross bars, straps, or simlar
trench spanning itenms. Ducts shall be provided with cover plates, dividers
or partitions, leveling devices, and trimstrips. The side rails of ducts
shal | be equipped with screw slots to pernmit anchorage of the cover plates
at random | ocations along the ducts. Screws shall be provided to fasten
cover plates to the ducts. Heads of screws shall be suitable for the floor
finishes scheduled to insure a flush installation

7.1 TrimStrips

Trimstrip material shall be netal with an exposed trimedge of not |ess
than 3.2 mm and shall be securely attached along the entire length of the
trench ducts on each side. The trimstrips shall be covered at the factory
to prevent damage to the exposed surface prior to and during installation

7.2 Di vi der s
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Dividers or partitions shall be provided in the trench ducts to
sectionalize the trench into separate conpartnents or raceways to
acconmodate wiring for the services specified. Dividers or support posts
shal |l also be provided to support cover plates at not nore than 381 mm
intervals. Top of dividers shall have a bearing surface at least 12.7 mm
in wdth. Dividers shall have a vertical adjustnent feature to permt

| eveling during installation, as required for proper support of cover

pl at es.

.7.3 Cover Pl ates

Cover plates shall be not less than 6.4 mmthick flat steel with a naxi mum
wei ght of 27.2 kg each and a nmaxi mumlength of 914.4 mm Plates shall have
factory drilled and finished screw holes. Abutting edges of cover plates
shal | be gasketed. Gaskets shall also be provided between the bottom edges
of cover plates and the supporting rail surfaces on each side of trench
ducts, and at other locations as required to exclude dust, dirt, and
foreign objects fromentering the raceway systeminterior. Cover plate
system shall acconmpbdate the architectural floor finish material schedul ed.
Tool s or other items shall be provided to facilitate the renoval,
repl acenent, and anchorage of conponent parts of the cover plate system

PART 3 EXECUTI ON

3.

3.

1 DUCT SYSTEM

Quantity, sizes, and arrangenment of ducts and accessories shall be as shown
on the plans. Revisions inplenented during construction shall be
incorporated into the as-built installation draw ngs.

1.1 Duct s

Ducts shall be accurately aligned and | evel ed. The distance between the
top of ducts and the finished concrete floor shall be as shown. Duct
joints shall prevent entry of concrete or fill. Were fixed dinensions are
not indicated, ducts shall be installed in approxi mate | ocati ons shown.
Junction boxes and duct |ines shall be located to clear pernanent and
future nonpernmanent partitions and foundations for equi pment and shall be
coordinated with architectural nodules. Unless otherw se indicated, ducts
located in structural slabs shall be positioned outside the conpression
zone of the slab. Duct systeminstallation shall conply with the

requi renments of NFPA 70.

1.2 Duct Supports

Met al duct supports shall be located as close as practicable to duct
joints, el bows, bends, termnations; and within 750 nm on each side of
junction boxes and el sewhere at intervals of not over 1.5 m

. 1.3 I nserts

I nsert height shall be such that top of insert shall be 3 mm bel ow top of
finished concrete subfloor except for special finishes. |Inserts closest to
junction boxes shall be not nore than 300 mmfromvertical faces of
junction boxes. |Inserts shall be aligned on the sane centers for al
services and for duct rows in bays.

1.4 Term nati on
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Ducts for power service shall termnate in bottom of panel boards or wire
troughs with approved type fittings. Ducts for tel ephone service shal
term nate 50 nm above the floor. Ducts shall be extended into tel ephone
cabi nets where required.

3.2 JUNCT!I ON BOXES
3.2.1 Cover Pl ates

Cover plates shall be leveled flush with concrete floor. Square or
rectangul ar plates shall be laid square with wall i nes.

3.2.2 Protection
Duct terninations, boxes, plates, and rings shall be protected from damage,
distortion, and entry of concrete. Exposed surfaces in finished work areas
that are marred during placing of the floor shall be replaced with new
itens or finished equal to the original. Unused duct or conduit entrances
to junction boxes shall be closed with blank closure plates or plugs.
Seal ant shall be placed on contact surfaces, such as at duct term nation
and other simlar locations, to elininate entry of concrete or fill

material. Boxes shall be held in place, and securely supported during
pl acenent of concrete.

3.2.3 Condui t Connections
Conduit shall run bel ow duct wherever necessary to cross a duct run
Conduit extensions shall enter junction boxes at corner, or bottom
openi ngs, or at spare duct openings through duct adapters.
3.3 DUCT MARKERS
Corrosion-resistant nmarker screws shall be installed flush with the
architectural floor-finish material and shall be used as inserts at the
followi ng | ocations:
a. In each insert adjacent to a junction box.
b. In the last insert in each run of duct.
c. On both sides of permanent partitions.
d. At changes of direction of duct runs.

3.4 WRE TROUGHS

Wre troughs shall be provided where indicated for connections between
panel board and underfl oor duct.

3.5 TRENCH DUCT

3.5.1 Servi ces
Each trench duct conpartnent provided for the services specified shal
connect and give access to correspondi ng individual floor ducts, wal

ducts, wire troughs, or trench duct risers, and/or to raceways between the
trench ducts and equi pnrent, equi pnment cabinets, or panel boards.
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3.

5.2 Install ation

Positive and accurate coupling devices shall be provided to ensure the
proper alignnent and | eveling of duct sections. Alignnent, |eveling, and
tack wel ding of trench duct sections, exclusive of dividers, shall be
acconpl i shed before the concrete floor is placed.

.5.2.1 Di vi ders

Di viders shall be adjusted to the correct position to provide bearing
support for the cover and to keep the cover level. D vider adjustnents
shal |l be nade after the concrete has hardened. Dividers shall be adjusted,
and tack welded into place, at intervals not exceeding 900 nmw th wel ds
not |ess than 15 nm | ong.

.5.2.2 Access

Access hol es between the different conpartnents of the trench ducts and the
tops of the underfloor duct shall be provided as indicated or required.

Hol es for power and special services shall be not less than 75 nm mmin any
di mension. Holes for tel ephone service shall have no | ess than 7742 or
4516 square mllimeters of open area. The 7742 square millinmeters hol es
shal | be oval shaped, the 4516 square nillineters holes may be round. The
4516 square mllimeters holes may be provided in trench duct of |ess than
250 Mmwidth if a size is not shown on the plans. Holes shall be furnished
with plastic, netal, or rubber gronmmets of the size and shape necessary to
conpl etely cover exposed sharp netal edges

.6 BOUNDARI ES

.6.1 Modul es

Under fl oor ducts shall not be located within 300 nm of structural concrete
fram ng nenbers or wi ndow mullion |lines, except at concentration points
near electric or tel ephone closets.

.6.2  Walls

Stub ends of underfloor ducts perpendicular to walls shall be extended as
cl ose as practicable to wall 1ine.

.6.3 Expansi on Joints

Expansion joints fittings shall be installed wherever floor duct or trench
duct crosses building expansion joints. A bonding strap shall be included
to insure ground continuity.

T | NSPECTI ON

Upon conpl etion of the assenbly of the underfloor duct system and before
ducts are covered, inspection in the presence of the Contracting Oficer
shal | show ducts, boxes, and other related equi pnent to be in place.
Entire systemshall be free of obstructions and noisture after placing
concrete. Ducts shall be thoroughly swabbed out before floor finishis
applied and wiring is installed.

-- End of Section --
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Dl ESEL- GENERATOR SET STATI ONARY 100- 2500 KW W TH AUXI LI ARI ES

PART 1 GENERAL

1

1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.
AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)
ANSI Cl12.11 (1987; R 1993) Instrunent Transforners for
Revenue Metering, 10 kV BIL through 350 kV
BIL (0.6 kV NSV through 69 kV NSV)
AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM A 53 (1996) Pipe, Steel, Black and Hot-Di pped,
Zi nc- Coat ed, Wl ded and Seamn ess

ASTM A 106 (1995) Seami ess Carbon Steel Pipe for
H gh- Tenperature Service

ASTM A 181/ A 181M (1995b) Carbon Steel Forgings for
Gener al - Pur pose Pi pi ng

ASTM A 234/ A 234M (1996b) Piping Fittings of Wought Carbon
Steel and Alloy Steel for Mderate and
El evat ed Tenper at ures

ASTM D 975 (1996a) Diesel Fuel Qls

AVMERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME B16. 3 (1992) Malleable Iron Threaded Fittings

ASME B16. 5 (1996) Pi pe Fl anges and Fl anged Fittings
NPS 1/2 thru NPS 24

ASME B16. 11 (1991) Forged Fittings, Socket-Wel ding and
Thr eaded

ASME B31.1 (1995; B31.1a; B31.1b) Power Piping

ASME BPV | X (1995; Addenda Dec 1995, Dec 1996) Boiler

and Pressure Vessel Code; Section |X,
Wel di ng and Brazing Qualifications

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGQ NEERS (| EEE)

| EEE C2 (1997) National Electrical Safety Code
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| EEE Std 43

| EEE Std 95

| EEE Std 112

| EEE Std 115

AZ

(1974; R 1991) Testing Insulation
Resi st ance of Rotating Machinery

(1977, R 1991) Insulation Testing of Large
AC Rotating Machinery with H gh Direct
Vol t age

(1991) Standard Test Procedure for
Pol yphase | nduction Mdtor and Generators

(1995) Test Procedures for Synchronous
Machi nes

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS

| NDUSTRY ( MSS)

M5S SP-58

MBS SP- 69

M5S SP- 80

(1993) Pi pe Hangers and Supports -
Mat eri al s, Design and Manufacture

(1996) Pi pe Hangers and Supports -
Sel ection and Application

(1997) Bronze Gate, d obe, Angle and Check
Val ves

M LI TARY STANDARDS (M L- STD)

M L-STD 705

(Rev C) Cenerator Sets, Engine Driven
Met hods of Tests and I nstructions

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMA)

NEVA | CS 2

NEMVA | CS 6

NEVA MG 1

NEMA PB 1

NEVA PB 2

NEMVA SG 5

(1993) Industrial Control and Systens
Controllers, Contactors, and Overl oad

Rel ays Rated Not Mdre Than 2,000 Volts AC
or 750 Volts DC

(1993) Industrial Control and Systens,
Encl osur es

(1993; Rev 1; Rev 2; Rev 3) Mdtors and
Cenerators

(1990) Panel boar ds
(1995) Deadfront Distribution Sw tchboards

(1990) Power Switchgear Assenblies

NATI ONAL FI RE PROTECTI ON ASSCOCI ATl ON ( NFPA)

NFPA 30

NFPA 37

NFPA 70

(1996; Errata) Flammable and Conbusti bl e
Li qui ds Code

(1997) Installation and Use of Stationary
Conbusti on Engi nes and Gas Tur bi nes

(1996; Errata) National Electrical Code
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SOCI ETY OF AUTOMOTI VE ENG NEERS ( SAE)

SAE ARP 892

SAE J 537

UNDERWRI TERS LABORATORI ES (UL)

UL 1236

1.2 SYSTEM DESCRI PTI ON

Each engi ne-generator set shal
totally functional, with al
filtration; starting system generator controls,
i nstrumentation; lubrication
exhaust system Each engi ne-generator set shal
specified in the Engi ne-Generator

1.2.1 Engi ne- Gener at or Par anet er

(1994; Rev thru Apr
for Charging Engine-Starter

(1994) Storage Batteries

Schedul e

ENG NE- GENERATOR PARAMETER SCHEDULE

Power Rating

Over | oad Capacity
(Prime applications only)

Servi ce Load

Mot or Starting kVA

Power Fact or

Engi ne- Generat or Applications
Maxi mum Speed

Heat Exchanger Type

Gover nor Type

Frequency Bandwi dt h
(steady state)

Gover nor Type

Frequency Regul ation (droop)
(No Load to Full Load)

Frequency Bandw dth
(steady state)

Vol t age Regul ation
(No Load to Full Load)

St andby

(1994; R 1994) D-C Starter-Generator,

1996) Battery Chargers

Batteries

be provided and installed conplete and
necessary ancillary equipnent to include: air
protection,
system cooling system and engine
satisfy the requirenents
Par anet er Schedul e.

and i sol ati on;

100 percent of Service Load for
1 hour in 12 consecutive hours

430 kVA, 350 KW
815 kVA, 417 KW
0.8 | aggi ng

st and- al one

1800 rpm

fin-tube (radiator)
| sochr onous

pl us/ m nus 0.4
per cent

Dr oop

4 percent (maximun
pl us/ m nus 0.4

per cent

pl us/ m nus 5 percent
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ENG NE- GCENERATOR PARAMETER SCHEDULE
Vol t age Bandwi dt h pl us/ m nus 0.5 percent
(steady state)

Frequency 60 Hz

Vol t age 480/ 277 volts
Phases 3 Phase, We

M ni mum Gener at or 16. 5 percent

Subt r ansi ent React ance
Nonl i near Loads 80 kVA

Max Step Load | ncrease 100 percent
of Service Load at .8 PF

Transi ent Recovery Tine 10 seconds
with Step Load | ncrease (Voltage)

Transi ent Recovery Tine 10 seconds
with Step Load I ncrease (Frequency)

Maxi mum Vol t age Devi ation with 25 percent of rated
with Step Load | ncrease vol t age

Maxi mum Frequency Devi ation 5 percent of rated
with Step Load | ncrease frequency

Max Step Load Decrease 100 percent of Service Load at
(wi t hout shut down) .8 PF

Max Time to Start and be Ready to 10 seconds

Assune Load

Max Sunmmer Qut door Tenp 43. 3 degrees C
(Anbi ent)

Mn Wnter CQutdoor Tenp 4.44 degrees C
(Anbi ent)

Sei sm ¢ Zone 1

Installation El evation at sea leve

1.2.2 Rat ed Qut put Capacity
The generator shall be sized to 350 rated standby KW

1.2.3 Power Ratings
Each standby power engi ne-generator set application shall be capabl e of 500
cunul ative hours of operation per year with a nmaxi mum peri od of continuous

operation of 300 hours at output capacity.

1.2.4 Transi ent Response
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The engi ne-generator set governor and voltage regul ator shall cause the
engi ne-generator set to respond to the nmaxi num step | oad changes such that
out put voltage and frequency recover to and stabilize within the
operational bandwi dth within the transient recovery tine. The

engi ne-generator set shall respond to nmaxi mum step | oad changes such that
t he maxi num vol tage and frequency devi ations from bandw dth are not
exceeded.

1.2.5 Reliability and Durability

Each st andby engi ne-generator set shall have both an engine and a generator
capabl e of delivering the specified power on a standby basis with an

antici pated nean tine between overhauls of no less than 5,000 hours up to
400 kWoperating with an 80 percent load factor. Two |ike engines and two
i ke generators shall be cited that have perforned satisfactorily in a
stationary power plant, independent and separate fromthe physical |ocation
of the manufacturer’s and assenbler’s facilities, for standby w thout any
failure to start, including all periodic exercise. Each |like engine and
generator shall have had no failures resulting in dowmtine for repairs in
excess of 72 hours nor any failure due to overheating during the 2
consecutive years of service. Like engines shall be of the same nodel
speed, bore, stroke, number and configuration of cylinders, and rated

out put capacity. Like generators shall be of the sane nodel, speed, pitch
cooling, exciter, voltage regulator and rated output capacity.

1.3 GENERAL REQUI REMENTS
1.3.1 Engi ne- Gener at or Set

Each set shall consist of one engine, one generator, and one exciter

nount ed, assenbl ed, and aligned on one base; and other necessary ancillary
equi prent which may be nmounted separately. Sets having a capacity of 750
kWor snaller shall be assenbled and attached to the base prior to

shi pping. Sets over 750 kWcapacity may be shipped in sections. Each set
conponent shall be environnentally suitable for the |Iocation shown and
shal |l be the nmanufacturer’s standard product offered in catal ogs for
commercial or industrial use. Any nonstandard products or conponents and
the reason for their use shall be specifically identified in paragraph
SUBM TTALS.

1.3.2 Namepl at es
Each maj or conponent of this specification shall have the manufacturer’s

name, type or style, nodel or serial nunber and rating on a plate secured
to the equipnment. As a mninmum naneplates shall be provided for

Engi nes Rel ays

Generators Transformers (CT & PT)
Regul at or s

Punps and punp notors Gover nors

Gener at or Breaker Air Starting System

Economi zers Heat exchangers (other than base
nount ed)

Where the follow ng equi pnent is not provided as a standard conponent by
t he di esel engine generator set manufacturer, the naneplate information nmay
be provided in the nmaintenance nmanual in lieu of nanepl ates.
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Battery charger Heaters

Swi t chboar ds Exhaust nmufflers
Swi t chgear Si | encers
Battery Exciters

1.3.3 Per sonnel Safety Devices

Exposed noving parts, parts that produce high operating tenperatures, parts
which may be electrically energi zed, and parts that nmay be a hazard to
operating personnel shall be insulated, fully enclosed, guarded, or fitted
with other types of safety devices. The safety devices shall be installed
so that proper operation of the equipnment is not inpaired.

1.3. 4 Verification of D nensions

Before perfornming any work, the premises shall be visited and all details
of the work verified. The Contracting Oficer shall be advised in witing
of any di screpanci es.

1.3.5 Conf ormance to Codes and St andards

Wiere equiprment is specified to conformto requirements of any code or
standard such as UL, NEMA, etc., the design, fabrication and installation
shall also conformto the code

1.3.6 Site Vel ding

Structural nenmbers shall be welded in accordance with Section 05090
VEELDI NG, STRUCTURAL. For all other wel ding, procedures and wel ders shal
be qualified in accordance with ASME BPV | X. Wl ding procedures qualified
by others, and wel ders and wel di ng operators qualified by a previously
qual i fied enployer may be accepted as permtted by ASME B31.1. Wl der
qualification tests shall be perforned for each wel der whose qualifications
are not in conpliance with the referenced standards. The Contracting

O ficer shall be notified 24 hours in advance of qualification tests. The
qualification tests shall be perfornmed at the work site if practical. The
wel der or wel ding operator shall apply his assigned synmbol near each weld
he nmakes as a permanent record.

1.3.7 Engi ne- Generator Set Encl osure

The engi ne-generator set enclosure shall be corrosion resistant and fully
weat her resistant. The enclosure shall contain all set conponents and
provide ventilation to pernmt operation at Service Load under secured
conditions. Doors shall be provided for access to controls and equi pnent
requi ring periodi c mai ntenance or adjustment. Renovable panels shall be
provi ded for access to conponents requiring periodic replacenment. The

encl osure shall be capable of being renoved w thout disassenbly of the

engi ne-generator set or renoval of conponents other than the exhaust system

1.3.8 Vibration Limtation
The maxi mum engi ne-generator set vibration in the horizontal, vertical, and
axial directions shall be limted to 0.15 mm (peak-peak RVB), with an
overall velocity limt of 24 misecond RMS

1.3.9 Har noni ¢ Requi renent s

Non-1linear | oads to be served by each engi ne-generator set are as
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i ndi cated. The maxi mum linear |oad demand (kVA @PF) when non-linear | oads
will also be in use is as indicated.

1.3.10 Starting Tine Requirenments
Upon receipt of a signal to start, each engine generator set will start,
reach rated frequency and voltage and be ready to assune load within the
tinme specified. For standby sets used in energency power applications,
each engi ne generator set will start, reach rated frequency and voltage,
and power will be supplied to the load term nals of the automatic transfer
switch within the starting time specified

1.3.11 Experi ence
Each conponent manufacturer shall have a mininmum of 3 years experience in
t he manufacture, assenbly and sal e of conponents used with stationary
di esel engi ne-generator sets for comercial and industrial use. The
engi ne-generator set nmanufacturer/assenbler shall have a mninmumof 3 years
experience in the manufacture, assenbly and sale of stationary diese
engi ne-generator sets for commercial and industrial use.

1.4 SUBM TTALS
CGovernnent approval is required for submttals with a "GA" designation
submittals having an "FI O' designation are for information only. The
followi ng shall be submtted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 01 Data

Equi prent and Performance; GA

Cal cul ati ons of the engi ne and generator output power capability, including
efficiency and parasitic | oad data.

Har noni ¢ and Non-linear Load Capability; GA

Description of the generator features which nmitigate the effects of the
non-1linear |oads listed.

Torsional Vibration; FIO

Cal cul ati ons whi ch show that no danmagi ng or dangerous torsional vibrations
wi || occur when the prine nover is connected to the generator

Power Factor Capability Curve; FIO

The generator capability curve showi ng generator kVA output capability (kW
vs. kvar) for both | eading and | aggi ng power factors ranging fromO to 1.0.

Cool i ng Equi prrent and Performance; FI O

A letter which certifies that the engi ne-generator set and cooling system
function properly in the anbient tenperature specified.

a. The maxi mum al l owabl e inlet tenperature of the coolant fluid.

b. The mininmumallowable inlet tenperature of the coolant fl uid.
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c. The maxi mum al |l owabl e tenperature rise in the coolant fluid
t hrough the engi ne.

Al arm Set Points; GA

The magni tude of nonitored val ues which define alarmor action set points,
and the tol erance (plus and/or minus) at which the devices activate the
alarmor action for itens contained within the al arm panels.

Generator Data; ga

Manuf acturer’s standard data for each generator (prototype data at the
specified rating or above is acceptable), listing the follow ng infornmation

Tenperature rise in accordance with NEMA MG 1, Part 22
Direct-Axi s synchronous reactance (per unit).

Direct-Axis transient reactance (per unit).

Direct-Axis subtransient reactance (per unit).

Quadr at ure synchronous reactance (per unit).

Quadrature subtransi ent reactance (per unit).

Zer 0 sequence reactance (per unit).

Negati ve sequence reactance and inpedance (per unit).
Direct-Axis transient open-circuit tinme constant (seconds).
Direct-Axis short circuit tinme constant (seconds).

The generator kWrating and short circuit current capacity (both
symretric and asynmetric)

Manuf acturer’s Catal og; GA

Manuf acturer’s standard catal og data describing and depicting each

engi ne-generator set and all ancillary equipnment in sufficient detail to
denonstrate conpl ete specification conpliance.

Site Welding; FIO

A copy of qualifying procedures and a list of names and identification
synbol s of qualified welders and wel di ng operators.

Spare Parts; GA

A complete list of spare parts for each piece of equipnent and a conplete
list of all material and supplies needed for continued operation. Lists
shal | include supply source and current prices. Each list shall be
separated into two parts, those el enents recommended by the manufacturer to
be replaced after 3 years of service, and the renmining el enents.

Trai ni ng; GA

A letter giving the date proposed for conducting the onsite training
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cour se,

the agenda of instruction, a description of the video taping

service to be provided, and the kind and quality of the tape to be left
with the Contracting Oficer at the end of the instructional period.

Battery Charger; GA

Battery charger sizing calcul ations.

SD- 04 Dr awi ngs

Layout and Shop Draw ngs; GA

Drawi ngs shal |l include the follow ng:

a.

m

Base- nount ed equi pnent, conplete with base and attachnents,
i ncl udi ng anchor bolt tenplate and reconmended cl earances for
mai nt enance and operation.

Conpl ete starting system

Conpl ete fuel system

Conpl ete cooling system

Conpl et e exhaust system

Layout of relays, breakers, sw tchgear, and sw tches including
applicable single line and wiring diagrams with witten
description of sequence of operation and the instrunentation

provi ded.

The conplete lubrication system including piping, punps,
strainers, filters, controls and wiring.

Location, type, and description of vibration isolation devices for
all applications.

The safety system together with a detailed description of howit
is to wrk. Wring schematics, safety devices with a listing of
their normal ranges, alarm and shutdown values (to include
operation paraneters such as pressures, tenperatures voltages,
currents, and speeds) shall be included.

One-line schematic and wiring diagrans of the generator, exciter,
regul ator, governor, and instrunentation.

Layout of each panel .

Mounting and support for each panel and nmmjor piece of electrical
equi prent .

Engi ne-generator set lifting points and rigging instructions.

As-Built Draw ngs; GA

Dr awi ngs whi ch accurately depict the as-built configuration of the
installation, upon acceptance of the diesel-generator set installation.

SD-06 | nstructions
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Posted Data; GA

Posted data including wiring and control diagranms show ng the key
mechani cal and el ectrical control elenments, and a conplete |ayout of the
entire system

Framed | nstructions; GA

Instructions including: the manufacturers pre-start checklist and
precautions; startup procedures for test-nbde, manual -start node, and
autonatic-start node (as applicable); running checks, procedures, and
precautions; and shutdown procedures, checks, and precautions.

SD-08 Statenents

Qualifications; FIO
Docunentation to denonstrate that:

a. Each conponent nmnufacturer has a mininmum of 3 years experience in
the manuf acture, assenbly and sal e of conponents used with
stationary diesel engine-generator sets for comrercial and
i ndustrial use.

b. The engi ne-generator set nmanufacturer/assenbler has a mni numof 3
years experience in the manufacture, assenbly and sal e of
stationary diesel engine-generator sets for commrercial and
i ndustrial use.

c. The field engineer is qualified to performthe specified functions.

d. Certification that the engi ne-generator set and cooling system
function properly in the anbient tenperatures specified.

Wel der Qualification; FIO

A letter listing the welder qualifying procedures for each welder, conplete
wi th supporting data such as test procedures used, what was tested to, and
alist of the names of all welders and their identification synbols.

Installati on Procedures; FIQO

A copy of the manufacturer’s installation procedures and a detail ed
description of the manufacturer’s reconmended break-in procedure.

Li sting of Product Installations; FlIO
A list of five installations using each type of engine and generat or
proposed for use. Each conponent used as the basis for the durability and
reliability certification shall be identified in the list. The list shal
give the name of installations, conpletion dates, and nane and tel ephone
number of a point of contact.

SD-09 Reports
Factory I nspection and Tests; FIO

Si x conpl ete reproduci bl e copies of the factory inspection result on the
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checklist format specified in paragraph FACTORY | NSPECTI ON AND TESTS
Factory Tests; FIO

a. Aletter giving notice of the proposed dates of factory
i nspections and tests at |east 14 days prior to beginning tests.

b. A detailed description of the manufacturer’s procedures for
factory tests.

Si x copies of the Factory Test data described belowin 215.9 x 279.4 mm
bi nders having a minimumof 3 rings fromwhich material may readily be
renoved and replaced, including a separate section for each test. Sections
shal | be separated by heavy plastic dividers with tabs. Data plots shal
be full size (215.9 x 279.4 mm nininmum, showing grid lines, with ful
resol ution.
(1) A detailed description of the procedures for factory tests.
(2) A list of equipnent used, with calibration certifications.
(3) A copy of neasurenents taken, with required plots and graphs.
(4) The date of testing.
(5) Alist of the paraneters verified.
(6) The condition specified for the paraneter
(7) The test results, signed and dat ed.
(8) A description of adjustnents nade.

On Site Tests; GA

a. Aletter giving notice of the proposed dates of onsite inspections
and tests.

b. A detailed description of the Contractor’s procedures for onsite
tests including the test plan and a listing of equi pnent necessary
to performthe tests.

c. Six copies of the onsite test data described belowin 215.9 x
279.4 mm binders having a minimumof 3 rings fromwhich materia
may readily be renoved and replaced, including a separate section
for each test. Sections shall be separated by heavy plastic
dividers with tabs. Data plots shall be full size (215.9 x 279.4
nmm m ni mum), showing grid lines, with full resolution
(1) A detailed description of the procedures for onsite tests.
(2) A list of equipment used, with calibration certifications.
(3) A copy of neasurenents taken, with required plots and graphs.
(4) The date of testing.

(5) Alist of the paraneters verified.
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(6) The condition specified for the paraneter.
(7) The test results, signed and dat ed.
(8) A description of adjustnents made.
SD-13 Certificates
Torsional Vibration; GA

Torsi onal analysis and cal cul ati ons which certify and denonstrate that no
damagi ng or dangerous torsional vibrations will occur when the prine nover
is connected to the generator, at synchronous speeds, plus/mnus 10%

Prototype Tests; FIO

Manufacturer’s standard certification that prototype tests were perforned
for the generator nodel proposed.

Reliability and Durability; GA

Areliability and durability certification letter fromthe manufacturer and
assenbler to prove that existing facilities are and have been successfully
utilizing the sanme conponents proposed to neet this specification, in
simlar service. Certification my be based on conponents, i.e. engines
used with different nodels of generators and generators used with different
engi nes, and does not exclude annual technol ogical inprovenents nade by a
manuf acturer in his basic standard-nodel conponent on which experience was
obt ai ned, provided parts interchangeability has not been substantially
affected and his current standard nodel neets the perfornance requirenents
speci fi ed.

Enm ssi ons; GA.

A certification fromthe engi ne manufacturer stating that the engi ne
em ssions neet the federal, state, and local regulations and restrictions
speci fi ed.

Site Visit; GA

A letter stating the date the site was visited and listing di screpancies
f ound.

FI ywheel Bal ance; FI O

A certification stating that the flywheel has been statically and
dynani cal |l y bal anced and is capable of being rotated at 125 percent of
rated speed without vibration or damage.

St andards Conpl i ance; GA

A certification stating that where materials or equi pnent are specified to
comply with requirenments of UL, witten proof of such conpliance has been
obtained. The label or listing of the specified agency, or a witten
certificate froman approved, nationally recogni zed testing organi zati on
equi pped to perform such services, stating that the itens have been tested
and conformto the requirenents and testing nmethods of the specified agency
are acceptabl e as proof.
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Functional Facilities; GA.

Aletter certifying that all facilities are conplete and functional; that
each systemis fully functional; and that each item of equipnment is
conpl ete, free from danage, adjusted, and ready for beneficial use.

SD-19 Qperation and Mi ntenance Manual s
Operation Manual ; GA

Si x copies of the operation manual in 215.9 x 279.4 mm binders, having a
m nimumof 3 rings fromwhich material nmay readily be renoved and repl aced,
including a separate section for each systemor subsystem Sections shal
be separated by heavy plastic dividers with tabs which identify the
material in the section. Draw ngs shall be folded blue lines, with the
title block visible, and placed in 215.9 x 279.4 mm plastic pockets with
reinforced holes. One full size reproducible nylar of each draw ng shal
acconpany the booklets. Mlars shall be rolled and placed in a heavy

cardboard tube with threaded caps on each end. The manual shall i nclude:
step-by-step procedures for system startup, operation, and shut down;
drawi ngs, diagrans, and single-line schematics to illustrate and define the

el ectrical, nechanical, and hydraulic systens together with their controls,
al arns, and safety systens; the manufacturer’s name, nodel nunber, and a
description of equipnent in the system The instructions shall include
procedures for interface and interaction with related systens to include
automatic transfer switches, fire al arnf suppression systens, |oad sheddi ng
systems. Each bookl et shall include a conpact disc (CD) containing a

M crosoft Word 97 or equal file of procedures. The operation manual shal
be subnitted and approved prior to commencing onsite tests.

Mai nt enance Manual ; GA.

Si x copi es of the nmaintenance nmanual containing the information described
below in 215.9 x 279.4 nm binders having a mnininmumof three rings from
which material may readily be renmoved and repl aced, including a separate
section for each itemlisted. Each section shall be separated by a heavy
plastic divider with tabs. Drawi ngs shall be folded, with the title block
visible, and placed in plastic pockets with reinforced holes. One copy of
the manual shall be provided as an el ectroni c docunent on conpact disc.

The docunent shall be readable by either Mcrosoft Wrd 97 or Adobe Acrobat.

a. Procedures for each routine nmmi ntenance item
b. Procedures for troubl eshooting.

c. Factory-service, take-down overhaul, and repair service manual s,
with parts lists.

d. A copy of the posted instructions.

e. A conponent list which includes the manufacturer’s name, address,
type or style, nodel or serial nunmber, rating, and catal og nunber
for the nmaj or conponents specified for nanepl ates.

Si x conplete reproduci ble copies of the final relay and protective device
settings. The settings shall be recorded with the nane of the conpany and
i ndi vi dual responsible for their accuracy.

Special Tools and Filters; FIO
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Two conpl ete sets of special tools required for maintenance (except for
el ectroni c governor handset). Special tools are those that only the
manuf acturer provides, for special purposes, or to reach otherw se
i naccessi ble parts. The tools shall be supplied conplete with a suitable
tool box. One handset shall be provided for each el ectronic governor when
required to indicate and/ or change governor response settings. Two
conplete sets of filters shall be supplied in a suitable storage box.

1.5 STORAGE AND | NSTALLATI ON
The Contractor shall properly protect material and equi pnent, before,
during, and after installation. Stored itens shall be protected fromthe
weat her and contanmination. During installation, piping and simlar
openi ngs shall be capped to keep out dirt and other foreign matter.

PART 2 PRODUCTS

2.1 MATERI ALS AND EQUI PVENT

2.1.1 Filter Elenents

Fuel -oil, lubricating-oil, and conbustion-air filter elenments shall be
manuf acturer’s standard.

2.1.2 I nstrunment Transforners
ANSI Cl12.11

2.1.3 Pi pe (Sl eeves, Fuel/Lube-O 1, Conpressed Air, Cool ant, and Exhaust)
ASTM A 53, or ASTM A 106 steel pipe. Pipe smaller than 50 mm (2 inches)
Zgall be Schedule 80. Pipe 50 nm (2 inches) and larger shall be Schedul e

a. Flanges and Flanged Fittings: ASTMA 181/A 181M d( ass 60, or
ASME B16.5, Grade 1, O ass 150.

b. Pipe Welding Fittings: ASTM A 234/A 234M G ade WPB or WPC, O ass
150 or ASME B16.11, 1360.7 kg.

c. Threaded Fittings: ASME B16.3, Cass 150.
d. Valves: MsSS SP-80, Cass 150.
e. Gaskets: Manufacturer’s standard.

2.1.4 Therrmoneter for G| or Water Service

Fl ush-nmounted dial with range to suit the service encountered, standard
wi th the manufacturer.

2.1.5 Pi pe Hangers
MSS SP-58 and MSS SP- 69.
2.1.6 El ectrical Encl osures

2.1.6.1 Cener a
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2.

2.

2.

2.

2.

2.

NEMA | CS 6.

1.6.2 Power Switchgear Assenblies

NEMA SG 5.

1.6.3 Swi t chboar ds

NEMA PB 2.

1.6.4 Panel boar ds

NEMA PB 1.

1.7 Pressure Gauges

Manuf act urer’s standard.

1.8 El ectric Mdtors

El ectric notors shall conformto the requirenents of NEMA MG 1. Mdtors

shal | have seal ed ball bearings and a naxi mrum speed of 1800 rpm Mbdtors

used indoors shall have drip-proof franes; those used outside shall be

totally enclosed. Alternating current notors larger than 373 W shall be

of the squirrel-cage induction type for operation on 208 volts or higher, 60
Hz, and three-phase power. Alternating current notors 373 W or smaller,

shall be suitable for operation on 120 volts, 60 Hz, and singl e-phase
power. Direct current notors shall be suitable for operation on 125 volts

.1.9 Motor Controllers

Motor controllers and starters shall conformto the requirements of NFPA 70
and NEMA | CS 2.

.2 ENG NE

Each engi ne shall operate on No. 2-D diesel fuel confornming to ASTM D 975,
shal | be designed for stationary applications and shall be conplete with
ancillaries. The engine shall be a standard production nodel described in
the manufacturer’s catal og. The engine shall be naturally aspirated,
supercharged, or turbocharged. The engine shall be 2- or 4-stroke-cycle
and conpression-ignition type. The engine shall be vertical in-line, V- or
opposed- pi ston type, with a solid cast block or individually cast
cylinders. The engine shall have a mininumof two cylinders.
Opposed- pi ston type engi nes shall have not less than four cylinders. Each
bl ock shall have a cool ant drain port.

2.1 Transi ent Load Capability

Each engi ne shall be capabl e of receiving and responding to specified
maxi num step | oad changes within the transient |oading recovery tine.

. 2.2 Speed Sensor

Each engi ne shall be equi pped with an overspeed sensor.

3 FUEL SYSTEM
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The entire fuel systemfor each engi ne-generator set shall conformto the
requi renments of NFPA 30 and NFPA 37 and contain the foll owi ng el enents.

2.3.1 Punps
2.3.1.1 Mai n Punp

Each engi ne shall be provided with an engine driven punp. The punp shal
supply fuel at a minimumrate of 200 percent of the expected fue
consunption at 110 percent of full rated output capacity.

2.3.2 Fuel Filter

A mininumof one full-flow fuel filter shall be provided for each engine.
The filter shall be readily accessible and capabl e of bei ng changed wi t hout
di sconnecting the piping or disturbing other conponents. The filter shal
have inlet and outlet connections plainly marked. An indicating
differential pressure gauge shall be provided across the filter

2.3.3 Rel i ef / Bypass Val ve

A relief/bypass valve shall be provided to regulate pressure in the fue
supply line, return excess fuel to a return line and prevent the build-up
of excessive pressure in the fuel system

2.3. 4 Fuel Sensors

Fuel shall be metered to an accuracy of plus or minus 0.1 liter per hour
for that fuel which is consumed by the engine only. A pressure sensing
device shall be installed on the fuel header at the engine.

2.3.5 Fuel Tank
A dual wall sub-base fuel tank shall be supplied for the generator set.
2.3.5.1 Capacity, Standby

Each subbase tank shall have a capacity sufficient to operate the generator
set for a mninumof 72 hours at 100 percent standby rated output.

2.3.5.2 Local Fuel Fil

Each local fuel fill port on the fuel tank shall be provided with a
screw on cap, and shall be equi pped with an overflow spill box of m nimum
7.7 liter capacity.

2.3.5.3 Construction

Each fuel tank shall be double wall construction on the bottom and sides
with an inner tank constructed of 4.5 nmsteel. Internal baffles on not
nore than 610 mm centers for truss style support are required. The baffles
shal | separate the fuel supply and return areas of the tank, and allow for
37.8 liter per minute fuel flow between tank sections. The outer tank
(basin) shall be constructed of 4.5 nmsteel mninum supporting a mninmum
6 mmthick top plate. A 50.8 mmbasin drain with plug shall be provided.
The inner tank shall be welded into the basin and seal ed weat her tight.

Each fuel tank shall be no greater than 762 mmin height. Exposed top fuel
tank surfaces shall be adequately prepared to serve as an access platform
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to the generator set and generator set control panel. Any such surfaces
shal | have skid resistant decking. Provide personnel steps with handrail at
the control end of the fuel tank

Fuel pickup and return fittings for connection to the engi ne generator set
shal | be provided. Each tank shall have provisions for electrical stub up
penetrations by neans of a vertical through-tank penetration. The stub up
penetration m ni nrum di mensi ons shall be 457 nm by 508 nm and shall be

|l ocated directly below the alternator electrical connection box.

Each fuel tank shall be phosphate cl eaned externally, and prinmed and
painted to 0.05 mm DFT for each process.

Each fuel tank shall be capable of supporting the operating engine
generator set, and shall be furnished with Iifting lugs capable of lifting
the entire assenbled unit.

2.3.5.4 I ndi cati on and Al arm

The main fuel tank shall have a nechanical fuel |evel gauge and | ow f uel
alarm sending unit set at 30 percent remaining tank capacity. A basin
alarm swi tch shall be provided to indicate inner tank |eakage.

2.4 LUBRI CATI ON

Each engi ne shall have a separate |ube-o0il systemconfornmng to NFPA 30 and
NFPA 37. Each systemshall be pressurized by engine-driven punps. System
pressure shall be regul ated as recomended by the engi ne nmanufacturer. A
pressure relief valve shall be provided on the crankcase. The crankcase
shal|l be vented in accordance with the nanufacturer’s recomendati on except
that it shall not be vented to the engi ne exhaust system Crankcase
breathers, if provided on engines installed in buildings or enclosures,
shall be piped to vent to the outside. The systemshall be readily

accessi ble for service such as draining, refilling, etc. Each system shal
permit addition of oil and have oil-level indication with the set
operating. The systemshall utilize an oil cooler as recommended by the
engi ne nmanuf acturer

2.4.1 Lube-O| Filter

One full-flow filter shall be provided for each punp. The filter shall be
readi |y accessi bl e and capabl e of being changed w thout disconnecting the
pi pi ng or disturbing other conponents. The filter shall have inlet and
outlet connections plainly marked. An indicating differential pressure
gauge shall be provided across the filter

2.4.2 Lube-O | Sensors

Each engi ne shall be equi pped with |lube-oil tenperature and pressure
sensors. Tenperature sensors shall provide signals for Pre-H gh and High
Lube-G | indication and alarms. Pressure sensors shall be |ocated
downstream of the filters and provide signals for Pre-Low and Low Lube-Q |
i ndi cation and al ar ns.

2.5 COOLI NG
Each engine shall have its own cooling system Each system shall operate

automatically while its engine is running. The cooling system cool ant
shal | use a conbination of water and ethyl ene-glycol sufficient for freeze
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protection at the mninmumw nter outdoor tenperature specified. The
maxi mum tenperature rise of the coolant across each engi ne shall not exceed
that recommended and submitted in paragraph SUBM TTALS

2.5.1 Cool ant Punps

Cool ant punps shall be the centrifugal type. Each engine shall have an
engi ne-driven prinary punp. Secondary punps shall be electric notor driven
and have automatic controllers.

2.5.2 Heat Exchanger

Each heat exchanger shall be of a size and capacity to limt the naximum
al l owabl e tenperature rise in the coolant across the engine to that
recomended and subnmitted in paragraph SUBM TTALS for the maxi num sumrer
out door design tenperature and site elevation. Each heat exchanger shal
be corrosion resistant, suitable for service in anbient conditions of
application.

2.5.2.1 Fi n- Tube- Type Heat Exchanger (Radi ator)

Heat exchanger may be factory coated with corrosive resistant film
provided that correction neasures are taken to restore the heat rejection
capability of the radiator to the initial design requirenent via over
sizing, or other conpensating nethods. Internal surfaces shall be
conpatible with liquid fluid coolant used. Materials and cool ant are

subj ect to approval by the Contracting Officer. Heat exchangers shall be
pressure type incorporating a pressure valve, vacuumvalve and a cap. Caps
shal | be designed for pressure relief prior to renoval. Each heat
exchanger and the entire cooling systemshall be capable of w thstanding a
m ni mum pressure of 48 kPa and shall be protected with a strong grille or
screen guard. Each heat exchanger shall have at | east two tapped hol es;
one tapped hole shall be equipped with a drain cock, the rest shall be

pl ugged.

2.5.3 Thernostatic Control Valve
A nodul ating type, thernostatic control valve shall be provided in the
cool ant systemto nmaintain the coolant tenperature range subrmitted in
par agr aph SUBM TTALS.

2.5.4 Duct wor k
Ductwork shall be as specified in Section 15895 AIR SUPPLY, DI STRI BUTI ON
VENTI LATI ON, AND EXHAUST SYSTEM except that a flexible connection shall be
used to connect the duct to the diesel engine radiator. Material for the
connection shall be wire-reinforced glass. The connection shall be
rendered as airtight as possible.

2.5.5 Tenper ature Sensors
Each engi ne shall be equi pped with cool ant tenperature sensors.
Tenperature sensors shall provide signals for pre-high and high indication
and al ar ns.

2.6  SOUND LI M TATI ONS

The linmts listed are applicable only as referenced in this specification
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Fr equency Band Maxi mum Accept abl e
(Hz) Sound Level
(Deci bel s)
20- 75 87 81
75- 150 77 71
150- 300 70 64
300- 600 64 58
600- 1, 200 61 55
1, 200- 2, 400 60 54
2, 400- 4, 800 60 54
4, 800-10 kHz 62 56

7 EXHAUST SYSTEM

The system shall be separate and conplete for each engine. Piping shall be
supported to nminimze vibration. Were a V-type engine is provided, a
V-type connector, with necessary flexible sections and hardware, shal
connect the engi ne exhaust outlets.

7.1 Fl exi bl e Sections and Expansi on Joints

A flexible section shall be provided at each engi ne and an expansi on joint
at each nuffler. Flexible sections and expansion joints shall have flanged
connections. Flexible sections shall be made of convol uted seanl ess tube
wi thout joints or packing. Expansion joints shall be the bellows type.
Expansi on and flexible elenments shall be stainless steel suitable for

di esel - engi ne exhaust gas at 538 degrees C. Expansion and flexible elenents
shal | be capabl e of absorbing vibration fromthe engi ne and conpensati on
for thermal expansion and contraction

.7.2 Exhaust Muffl er

A chanmber type exhaust nmuffler shall be provided. The nmuffler shall be of
wel ded steel and designed for outside nounting. Eyebolts, |ugs, flanges,
or other itens shall be provided as necessary for support in the |ocation
and position indicated. Pressure drop through the nuffler shall not exceed
t he recomendati ons of the engi ne manufacturer. Qutside nufflers shall be
zinc coated or painted with high tenperature 650 degrees C resisting paint.
The muffler and exhaust piping together shall reduce the noise level to
| ess than the maxi num acceptable level listed for sound linmtations in
paragraph SOUND LI M TATIONS, at a distance of 22.9 m fromthe end of the
exhaust piping directly along the path of discharge for horizontal
di scharged exhausts; or at a radius of 22.9 mfromthe nuffler/discharge
pi ping, at 45 degrees apart in all directions, for vertically discharged
exhausts, with the engi ne-generator set operating at 100 percent of rated
out put capacity. The nmuffler shall have a drain valve, nipple, and cap at
the | ow point of the nuffler

. 7.3 Exhaust Pi pi ng

Hori zontal sections of exhaust piping shall be sloped dowward away from
the engine to a drip leg for collection of condensate with drain val ve and
cap. Changes in direction shall be long radius. Exhaust piping, mufflers
and silencers installed inside any building shall be insulated in
accordance with paragraph THERMAL | NSULATI ON and covered to protect
personnel. Vertical exhaust piping shall be provided with a hinged,
gravity-operated, self-closing, rain cover
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2.

2.

8 STARTI NG SYSTEM
8.1 Control s

An engine start-stop switch shall be provided with functions including:
test, reset, manual -run/start, manual stop, and automati c nobdes.
Start-stop logic shall be provided for adjustable cycle cranking and
cool down operation. The logic shall be arranged for nanual starting and
fully automatic starting in accordance wth paragraph AUTOVATIC

ENG NE- GENERATOR- SET SYSTEM OPERATI ON.  El ectrical starting systens shal
be provided with an adjustable cranking limt device to limt cranking
periods from 8 seconds up to the maxi num duration

.8.2 Capacity

The starting systemshall be of sufficient capacity, at the maxi mrum out door
sunmer tenperature specified to crank the engi ne w thout damage or
overheating. The system shall be capable of providing a m ninmumof three
cranking periods with 8 second intervals between cranks. Each cranking
period shall have a maxi mum duration of 8 seconds.

.8.3 El ectrica

An el ectrical starting systemshall be provided to operate on a 24 -volt dc
systemutilizing a negative circuit ground. Starting notors shall be in
accordance with SAE ARP 892.

.8.3.1 Battery

A starting battery systemshall be provided and shall include the battery,
battery rack, intercell connectors, spacers, autonmatic battery charger with
overcurrent protection, nmetering and relaying. The battery shall be in
accordance with SAE J 537. Critical system conponents (rack, protection
etc.) shall be sized to withstand the seismic acceleration forces of the
zone specified in paragraph Engi ne-Generator Paraneter Schedule. The
battery shall be lead-acid, with sufficient capacity, at the m ni nrum outdoor

and naxi mum out door tenperature specified, to provide the specified
cranki ng peri ods.

.8.3.2 Battery Charger

A current-limting battery charger, conformng to UL 1236, shall be

provi ded and shall automatically recharge the batteries. The charger shal
be capabl e of an equalize-charging rate for recharging fully depleted
batteries within 8 hours and a floating charge rate for maintaining the
batteries at fully charged condition. An ameter shall be provided to

i ndicate charging rate. A voltneter shall be provided to indicate charging
voltage. A tiner shall be provided for the equalize-charging-rate setting.

.8.4 Starting Aids

.8.4.1 d ow Pl ugs

d ow plugs shall be designed to provide sufficient heat for conbustion of
fuel within the cylinders to guarantee starting at an anbient tenperature
of mnus 32 degrees C

8.5 Exerci ser
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A programabl e, tim ng device or sequential controller shall be provided to
start, operate, and automatically stop the engi ne-generator set to pernmit
peri odic operation for a preset period of tinme at preset intervals.
Intervals shall be adjustable from21 hour to not |ess than 168 hours, and
factory set at 168 hours. Running periods shall be adjustable from®60 to
360 mi nutes, including the engine cool-down period, and factory set at 90
m nutes. The design of the systemexerciser shall include the follow ng
provi si ons:

a. Manual activation swtch.

b. Manual reset switch. Reset switch shall terminate the run period
and activate control logic to return systemloads to the normal or
preferred source, and to shut down the engi ne generator set after
t he cool down peri od.

c. Coordination with the automatic transfer switch controls and logic
so that the system|oads are returned to the nornal or preferred
source upon manual reset, and upon | oss of engi ne generator set
output voltage, if the normal or preferred source is avail able.

2.9 SAFETY SYSTEM

Devices, wiring, renote annunci ator panels, panels, etc. shall be provided
and installed as a conplete systemto automatically activate the
appropriate signals and initiate the appropriate actions. The safety
system shall be provided with a self-test nethod to verify its operability.
Al arm signal s shall have nmanual acknow edgment and reset devices. The

al arm signal systens shall reactivate for new signals after acknow edgnent
is given to any signal. The systens shall be configured so that | oss of
any nonitoring device shall be dealt with as an alarmon that system

el enent .

2.9.1 Audi bl e Si gna
The audi bl e al arm signal shall sound at a frequency of 70 Hz at a vol une of
75 dB at 3.1 m The sound shall be continuously activated upon al arm and
sil enced upon acknow edgnment. Signal devices shall be |ocated as shown.

2.9.2 Vi sual Signa

The visual alarmsignal shall be a panel light. The light shall be
normal ly off, activated to be blinking upon alarm The light shall change
to continuously lit upon acknow edgnent. |If automatic shutdown occurs, the

di splay shall nmaintain activated status to indicate the cause of failure
and shall not be reset until cause of alarm has been cleared and/or
restored to normal condition. Shutdown alarns shall be red; all other
al arnms shall be anber.

2.9.3 Al arnms and Action Logic

2.9.3.1 Shut down
Si mul t aneous activation of the audible signal, activation of the visua
signal, stopping the engine, and opening the generator field and nain
circuit breakers shall be acconplished

2.9.3.2 Pr obl em
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Activation of the visual signal shall be acconplished
9.4 Al ar m Panel

The panel shall be as specified in paragraph PANELS and shall contain the
foll owi ng functions:

Functi on/ Devi ce Al arml Acti on
a. Red energency stop Shut down (push button or
swi t ch)
b. Engi ne overspeed indication Shut down (110 percent of

rated speed)

c. High lube-oil tenperature indication Shut down (Tenperature as
submi tted)

d. Low lube-o0il pressure indication Shut down (Pressure as
submi tted)

e. High coolant fluid outlet tenperature indication Shutdown
(Tenperature as submtted)

f. Pre-Low |l ube-oil pressure indication Probl em (110 percent of
| ow | ube-o0il pressure)

g. Pre-high coolant fluid tenperature indication Probl em (5
degrees C |l ower than coolant-fluid outlet shutdown tenperature)

h. Pre-high lube-oil tenperature indication Probl em (5 degrees C
bef or e shut down)

i. Storage tank low fuel limt indication Probl em (70
percent vol une renai ni ng)

j. Failure to start within the specified tine Probl em i ndi cati on
9.5 Ti me-Del ay on Al ar s

For startup of the engine-generator set, tine-delay devices shall be
installed bypassing the low lubricating oil pressure alarmduring cranking,
and the coolant-fluid outlet tenperature alarm The |ube-o0il tine-delay
device shall return its alarmto normal status after the engine starts.

The cool ant tine-delay device shall return its alarmto normal status 5

m nutes after the engine starts.

.9.6 Rermot e Al ar m Pane

A renote al arm panel shall be 100 percent redundant to the Al arm Panel

.10 GOVERNCOR

Each engi ne shall be provided with a governor which maintains the frequency
within a bandwi dth of the rated frequency, over a steady-state | oad range
of zero to 100 percent of rated output capacity. The governor shall be
configured for safe manual adjustment of the speed/frequency during
operation of the engi ne-generator set, w thout special tools, from90 to
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110 percent of the rated speed/frequency.

2.10.1 Governor Performance

2.10.1.1 | sochronous CGovernors
| sochronous governors shall maintain the mdpoint of the frequency
bandwi dth at the sane value for steady-state | oads over the range of zero
to 100 percent of rated output capacity. The governor shall be configured
for safe, manual, external adjustment of the droop fromzero to 3 percent.

2.10.1.2 Droop Governors
Droop governors shall mmintain the mdpoint of the frequency bandwi dth
linearly for steady-state |oads over the range of zero to 100 percent of
rated output capacity, with 3 percent droop configured for safe, manual,
external adjustment of the droop fromzero to 5 percent.

2.10.2 Bandwi dt hs

2.10.2.1 Mechani cal - Hydraul i c

Hydraul i c governors shall have centrifugal speed sensing and maintain a
frequency bandwi dth of plus or mnus 0.40 percent, nmaxi mum

2.10.2.2 El ectrica

El ectrical governors shall have electrical speed sensing and maintain a
frequency bandwi dth of plus or minus 0.25 percent, maxi mum

2.10.2.3 El ectro-Hydraulic
El ectro-hydraulic governors shall have electrical speed and | oad sensing
with a manual |y adjustable bandwi dth of 0.25 to 3 percent of rated
frequency. The bandwi dth shall be set at 0.25 percent of rated frequency.

2.11 ENG NE PANEL

The panel shall be as specified in paragraph PANELS and shall contain the
followi ng itens:

a. Coolant-fluid inlet tenmperature display.

b. Lubricating-oil pressure indicator.

c. Lubricating-o0il inlet tenperatures display.
d. Red energency stop (push-button or switch).
e. Run-time neter.

f. Fuel neter display.

g. Fuel -header-pressure display.

h. Tachoneter displ ay.

i. Engine start-stop swtch.
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j. Start-attenpt |ight indicator.
k. Lubricating-oil prelubricating punp start-stop switch.
. Pyroneter display wth selector swtch.
m Al arm Panel .
12 GENERATOR

Each generator shall be of the synchronous type, one or two bearing,
conformng to NEMA MG 1, equipped with winding termnal housings in
accordance with NEMA MG 1, equi pped with an anortisseur w nding, and
directly connected to the engine. Generator design shall protect against
nechani cal, electrical and thernal danmage due to vibration, 25 percent
overspeeds, or voltages and tenperatures at a rated output capacity of 110
percent for prine applications and 100 percent for standby applications.
Generator ancillary equi pnent shall neet the short circuit requirenents of
NEMA MG 1. Franes shall be the drip-proof type. For two-bearing
generators, the maxi numvoltage drop due to shaft current through the
generator bearings at 100 percent output capacity shall be less than 100 nV
with seal ed-ball or spherical roller bearings and I ess than 200 nV with

sl eeve beari ngs.

.12.1 Current Bal ance

At 100 percent rated output capacity, and |oad i npedance equal for each of
the 3 phases, the permissible current difference between any 2 phases shal
not exceed 2 percent of the largest current on either of the 2 phases.

.12.2 Vol t age Bal ance

At any bal anced | oad between 75 and 100 percent of rated output capacity,
the difference in line-to-neutral voltage anmong the 3 phases shall not
exceed 1 percent of the average line-to-neutral voltage. For a

si ngl e- phase | oad condition, consisting of 25 percent |oad at unity power
factor placed between any phase and neutral with no |load on the other 2
phases, the maxi mum sinmultaneous difference in line-to-neutral voltage

bet ween the phases shall not exceed 3 percent of rated line to neutra

vol tage. The singl e-phase |oad requirenent shall be valid utilizing norma
exciter and regulator control. The interpretation of the 25 percent | oad
for single phase | oad conditions neans 25 percent of rated current at rated
phase vol tage and unity power factor

.12.3 Wavef orm

The deviation factor of the line-to-line voltage at zero | oad and at

bal anced rated output capacity shall not exceed 10 percent. The RMS of al
harnoni cs shall be less than 5.0 percent and that of any one harnonic |ess
than 3.0 percent of the fundanental at rated output capacity.

.13 EXCl TER

The generator exciter shall be of the brushless type. Sem conductor
rectifiers shall have a mininumsafety factor of 300 percent for peak

i nverse voltage and forward current ratings for all operating conditions,
i ncluding 110 percent generator output at 40 degrees C anbient. The
exciter and regulator in conbination shall naintain generator-output
voltage within the linmts specified. The exciter shall maintain output
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current at the level and duration required to trip the generator breaker
(I EEE devi ce 52) under fault conditions.

2.14 VOLTAGE REGULATCOR

Each generator shall be provided with a solid-state voltage regul ator,
separate fromthe exciter, which nmaintains the voltage within a bandw dth
of the rated voltage, over a steady-state |oad range of zero to 100 percent
of rated output capacity. Regulator shall be configured for safe nanual

adj ustnent of the engi ne-generator voltage output w thout special tools,
during operation, from90 to 110 percent of the rated voltage. Regul ation
drift shall not exceed plus or mnus 0.5 percent for an anbient tenperature
change of 20 degrees C.

2.14.1 Steady State Performance

The vol tage regul ator shall have a maxi num droop of 3 percent of rated
voltage over a load range fromO to 100 percent of rated output capacity
and automatically maintain the generator output voltage within the
speci fi ed operational bandw dth.

2.14.2 Regul at or Bandwi dt h

Regul at ors shall have an operational bandw dth of plus or mnus 1 percent
of rated voltage

2.15 GENERATOR | SOLATI ON AND PROTECTI ON

Devi ces necessary for electrical protection and isolation of each

engi ne-generator set and its ancillary equi pnent shall be provided. The
generator circuit breaker (|IEEE Device 52) ratings shall be consistent with
the generator rated voltage and frequency, w th continuous, short circuit

wi thstand, and interrupting current ratings to match the generator

capacity. The generator circuit breaker shall be manually operated. A set
of surge capacitors, to be nounted at the generator termnals shall be
provi ded. Mnitoring and control devices shall be as specified in paragraph
GENERATOR PANEL.

2.15.1 Devi ces
Swi tches, circuit breakers, sw tchgear, fuses, relays, and other protective
devices shall be as specified in Section 16475 COORDI NATED PONER SYSTEM
PROTECTI ON

2.16 GCENERATOR PANEL

The panel s shall be as specified in paragraph PANELS and shal |l provide
controls, gauges, neters, and displays to include:

a. Frequency neter, dial type, with a range of 90 to 110 percent of
rated frequency. Vibrating-reed type nmeters shall not be used.

b. Voltmeter, ac, dial type, 3-phase, with 4-position selector swtch
for the generator output.

c. Ameter, 3-phase, with 4-position selector swtch.

d. Generator field contactor or circuit breaker and di scharge
resistor, if provided.
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e. Vol tage regul ator control
17 PANELS

Each panel shall be of the type and kind necessary to provide specified
functions. Panels shall be nounted on the engi ne-generator set base by

vi bration/ shock absorbing type nmountings. Instrunents shall be nounted
flush or sem flush. Convenient access to the back of panels shall be
provided to facilitate maintenance. |Instrunents shall be calibrated using

recogni zed industry calibration standards. Each panel shall be provided
with a panel identification plate which clearly identifies the pane
function. Each instrunent and device on the panel shall be provided with a
plate which clearly identifies the device and its function as indicat ed.
Switch plates shall clearly identify the switch-position function

.17.1 Encl osur es

Encl osures shall be designed for the application and environnent,
conformng to NEMA ICS 6. Locking nechani sns shall be keyed alike.

L17.2 El ectronic

El ectronic indicating instruments shall be true RVB indicating instrunents,
100 percent solid state, state-of-the-art, mcroprocessor controlled to
provi de specified functions. Control, logic, and function devices shall be
conpati ble as a system seal ed, dust and water tight, and shall utilize
nmodul ar conponents with nmetal housings and digital instrunentation. An

i nterface nodul e shall be provided to decode serial Iink data fromthe
el ectronic panel and translate alarm fault and status conditions to set of
relay contacts. Instrunent accuracy shall be not |ess than 98 percent for

unit nounted devices and 99 percent for control room panel nounted

devi ces, throughout a tenperature range of mnus 20 to plus 65 degrees C
Data di splay shall utilize LED or back lit LCD. Additionally, the display
shal | provide indication of cycle programm ng and di agnostic codes for
troubl eshooting. Nuneral height shall be 13 mm

.17.3 Par aet er Di spl ay

Conti nuous indication of the tachoneter, lubricating-oil pressure, ac
voltmeter, ac ammeter, frequency neter, and safety system paraneters shal
be provided. A nonentary switch shall be specified for other panels.

.18 AUTOVATI C ENG NE- GENERATOR- SET SYSTEM OPERATI ON

Ful ly automatic operation shall be provided for the followi ng operations:
engi ne-generator set starting and | oad transfer upon |oss of normal source;
retransfer upon restoration of the normal source. Devices shal
automatically reset after termnation of their function

.18. 1 Automatic Transfer Switch

Automatic transfer switches shall be in accordance with Section 16410
AUTOVATI C TRANSFER AND BY- PASS/ | NSOLATI ON SW TCHES

.18.2 Moni toring and Transfer

Devi ces shall be provided to nonitor voltage and frequency for the normal
power source and each engi ne-generator set, and control transfer fromthe
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nornmal source and retransfer upon restoration of the normal source.
Functions, actuation, and tinme delays shall be as described in Section 16410
AUTOVATI C TRANSFER AND BY- PASS/ | SOLATI ON SW TCHES.

2.19 MANUAL ENG NE- GENERATOR- SET SYSTEM OPERATI ON

Conplete facilities shall be provided for nmanual starting and testing of
each set without |oad, |oading and unl oadi ng of each set, and
synchroni zati on of each set with an energized bus.

2.20 BASE

The base shall be constructed of steel. The base shall be designed to
rigidly support the engi ne-generator set, ensure pernanent alignment of
rotating parts, be arranged to provide easy access to allow changing of

| ube-o0il, and ensure that alignnent is nmaintained during shipping and
normal operation. The base shall pernit skidding in any direction during
installation and shall withstand and nitigate the affects of synchronous
vi bration of the engine and generator. The base shall be provided with
sui tabl e holes for anchor bolts and jacking screws for |eveling.

2.21 THERMAL | NSULATI ON

Thermal insulation shall be as specified in Section 15080 THERVAL
| NSULATI ON FOR MECHANI CAL SYSTEMS

2.22 PAI NTI NG AND FI NI SHI NG

The engi ne-generator set shall be cleaned, prined and painted in accordance
with the manufacturer’s standard col or and practice.

2.23 FACTORY | NSPECTI ON AND TESTS

Factory inspections and tests shall be performed on each engi ne-generator
set. Each engine and each generator shall be tested by being operated for
at least 1 hour at Service Load before being assenbled into an

engi ne-generator set. Each engi ne-generator set shall be run not |ess than
1 hour at Service Load prior to inspections. |Inspections shall be

conpl eted and all necessary repairs nmade, prior to testing. The
Contracting Oficer may provide one or nore representatives to w tness

i nspections and tests.

2.23.1 Factory I nspection

I nspections shall be performed prior to beginning and after conpletion of
testing of the assenbl ed engi ne-generator set. Inspectors shall |ook for

| eaks, | ooseness, defects in conponents, proper assenbly, etc. and any item
found to be in need of correction shall be noted as a necessary repair.

The follow ng checklist shall be used for the inspection

| NSPECTI ON | TEM GOoD BAD NOTES

Drive belts

Governor and adjustnents
Engi ne timng mark

Starting notor

Starting aids

Cool ant type and concentration
Radi at or drains

NOoOR®WNE
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8. Bl ock cool ant drains

9. Coolant fill |evel

10. Al coolant line connections
11. Al cool ant hoses

12. Conbustion air filter

13. Conbustion air silencer

14. Lube oil type

15. Lube oil sunp drain

16. Lube-oil filter

17. Lube-o0il -1 evel indicator

18. Lube-oil -fill |evel

19. Al lube-o0il |ine connections
20. Al lube-oil lines

21. Fuel type and anount

22. Al fuel-line connections

23. Al fuel lines

24. Fuel filter

25. Coupling and shaft alignnent
26. Voltage regul ators

27. Battery-charger connections
28. Al wiring connections

29. Instrunentation

30. Hazards to personne
31. Base

32. Nanepl ates

33. Paint

34. Exhaust-heat recovery unit
35. Switchboard
36. Switchgear

2.23.2 Factory Tests

The following tests shall be perforned on each engi ne-generator set except
where the conponent nanufacturer’s production line test is noted as
acceptable. On engine-generator set tests where the engine and generator
are required to be connected and operated together, the | oad power factor
shall be .8 power factor. Tests specified as ML-STD 705tests may be
perforned in accordance with the equivalent NEMA MG 1 or | EEE Std 115, or
| EEE Std 112 tests. Manufacturer’s standard test instrunments may be
substituted for test instrunents specified in ML-STD 705 tests, as
approved by the Contracting Oficer. In the follow ng tests where
nmeasurenents are to be recorded after stabilization of an engi ne-generator
set paraneter (voltage, frequency, current, tenperature, etc.),
stabilization is considered to have occurred when neasurenents are

mai ntai ned within the specified bandw dths or tol erances, for a m ni mrum of
four consecutive readings.

a. Insulation Resistance for Stator and Exciter Test, per ML-STD 705
nethod 301.1: to the performance criteria in NEMA MG 1, 22.51
m ni mum of 1 negohm per 1000 Volts of rated voltage for armature
and field or the recormended pol arization index in | EEE Std 43,
whi chever is nore stringent. Generator manufacturer’s production
line test is acceptable.

b. Hi gh Potential Test, per ML-STD 705 nethod 302.1: to the
performance criteria in ML-STD 705 or NEMA MG 1, 22.51 and the
recommended pol arization index in |IEEE Std 95. Cenerator
manuf acturer’s production line test is acceptable.
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C.

W ndi ng Resistance Test, per |EEE Std 115. GCenerator
manuf acturer’s production line test is acceptable.

Start-and-Stop Test. Record: the starting tine; engine

manuf acturer’s after-starting checks and inspections; readi ngs of
gauges and instrunents; and the time to stop after activation of
the manual energency stop switch. The set shall operate for 5

m nutes at rated voltage and frequency and no load prior to
activation of the manual energency stop swtch.

The engi ne generator-set shall be operated for at least: 15

m nutes at 50 percent of Service Load; 75 percent of Service Load
for at least 15 mnutes; 100 percent of Service Load at |east 30
m nutes; and 110 percent of Service Load at |east 30 minutes for
prime rated sets. Readings of gauges and instrunents shall be
checked after each | oad change.

Tor si on-graphic Test, per ML-STD 705 nethod 504.2: to deternine
that the maxi numtorsional stress is 34.5 MPa or less. The test
shal | be perfornmed at a maxi nrum frequency of 61.8 Hz. and a

m ni mum frequency of 58.2 Hz. Alternatively the engine-generator
set manufacturer may submit cal cul ati ons which clearly denonstrate
that the maxi mumtorsional stress is not exceeded.

Overspeed Vibration Test, per ML-STD 705 nethod 505.1a: to the
performance criteria in NEMA MG 1, Part 22. The test shall be
performed at 110 percent of rated speed for 5 mnutes. The

vi bration shall be neasured at the end bearings (front and back of
engi ne, outboard end of generator) in the horizontal, vertical

and axial directions. Vibration anplitude and speed shall be
recorded at one mnute intervals.

Overspeed Protective Device Test, per ML-STD 705 net hod 505. 2a:
to the performance criteria specified in paragraph SAFETY SYSTEM
The engi ne overspeed alarm shall be verifi ed.

Phase Sequence Rotation Test, per ML-STD 705 nethod 507.1: to the
performance criteria shown on the contract drawi ngs. Generator
manuf acturer’s production line test is acceptable.

Phase Bal ance Vol tage Test, per ML-STD 705 nethod 508.1 or |EEE
Std 112: to the perfornmance criteria specified in paragraph
GENERATOR.

Vol t age Waveform (Oscill ographic), per ML-STD 705 net hod 601. 1:
to the performance criteria specified in paragraph GENERATOR

Vol t age Wavef orm (Harnonic Analysis) Test, per ML-STD 705net hod
601.4: to the performance criteria specified in paragraph
GENERATOR. Hi gh-speed chart recording instruments capabl e of
recordi ng transi ent voltage and speed changes shall be used.

Current Bal ance on Stator Wnding Test, by neasuring the current
on each phase of the winding with the generator operating at 100
percent of Service Load, with the | oad inpedance equal for each of
the three phases: to the performance criteria specified in

par agr aph GENERATOR. This test may be performed using any prine
nover .
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n. Voltage and Frequency Droop Test. Performand record engine
manuf acturer’s recommended prestarting checks and inspections.
Start the engine, make and record engi ne manufacturer’s
after-starting checks and inspections during a reasonable warm up
period. For the followi ng steps, verify that the output voltage
and frequency return to and stabilize within the specified
bandwi dt h val ues foll owi ng each | oad change. The generator out put
frequency and line-line and line-neutral voltages shall be
recorded foll owi ng each | oad change

1. Wth the generator operating at 0 percent |oad, adjust voltage
and frequency to rated voltage and frequency. Record the
generator output frequency and line-line and |ine-neutral voltages.

2. Apply and drop | oad equal to the Maxi mum Step Load I ncrease
three times in succession

3. Increase |load to 100 percent of Service Load in steps equal to
the Maxi mum Step Load Increase. Adjust the |oad, voltage and
frequency to 100 percent of Service Load and rated voltage and
frequency. No further adjustnents may be nade to any set controls
after this step.

4. Reduce the load to no load in one step

5. Increase |load to 100 percent of Service Load in steps equal to
the Maxi mum Step Load | ncrease. Decrease |load to 0 percent of
Service Load in steps of 10 percent (operate at each step unti

vol tage and frequency stabilization is achieved).

6. Plot frequency vs. percent of rated load. Plot voltage vs.
percent of rated | oad.

7. Calculate the percent droop for voltage and frequency with the
foll owi ng equati ons:

(No-Load Volts) - (Service-Load volts)
Voltage droop Y= ----------mmmmmm oo x 100
(Service-Load Volts)

(No-Load Hertz) - (Service-Load hertz)
Frequency droop %0 = ------mmmmmm oo x 100
(Service-Load hertz)

0. Frequency and Voltage Stability and Transi ent Response. Verify
that the engi ne-generator set responds to addition and dropping of
bl ocks of load in accordance with the transi ent response
requi renments. Docunent maxi num voltage and frequency variation
from bandw dth and verify that voltage and frequency return to and
stabilize within the specified bandwidth, within the specified
response time period. Docunment results with high resolution, high
speed strip chart recorders and express the results as detailed in
M L- STD 705 nethod 608.1. Data taken shall include the follow ng:

Anbi ent tenperature (at 15 mnute intervals)

Generator output current (before and after |oad changes).
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Generator output voltage (before and after |oad changes).
Frequency (before and after |oad changes).

Charts of nonentary overshoot and undershoot (generator term na
vol tage and frequency) and recovery tinme for each | oad change
together with the voltage and frequency maxi mum and m ni nrumtrace
excursions for each steady state |oad condition prior to and

i medi ately follow ng each | oad change.

Charts which show the generator term nal voltage and frequency
transient recovery tine for each step |load i ncrease and decrease.

1. Performand record engi ne manufacturer’s recomended
prestarting checks and inspections.

2. Start the engine, make and record engi ne manufacturer’s
after-starting checks and inspections during a reasonabl e warm up
period and no load. Verify stabilization of voltage and frequency
wi thin specified bandw dt hs.

3. Wth the unit at no load, apply the Maxi mum Step Load | ncrease.
4. Apply load in steps equal to the Maxi num Step Load | ncrease
until the addition of one nore step increase will exceed the
Servi ce Load.

5. Decrease load to the unit such that addition of the Maxi mum
Step Load Increase will load the unit to 100 percent of Service
Load.

6. Apply the Maxi mum Step Load | ncrease.

7. Decrease load to zero percent in steps equal to the Maxi mum
Step Load Decrease

8. Repeat steps 3. through 7.

p. Voltage Unbal ance with Unbal anced Load (Line-to-Neutral) Test in
accordance with M L-STD 705 met hod 620.1a: to the performance
criteria specified in paragraph GENERATOR Prototype test data is
acceptable in lieu of the actual test. This test may be perforned
usi ng any prinme nover.

gq. For two-bearing generators, perform Shaft Current Test in
accordance with M L-STD 705 net hod 652. 1a.

PART 3 EXECUTI ON

3.1  GENERAL
Installation shall provide clear space for operation and nai ntenance in
accordance with NFPA 70 and | EEE C2. Installation of pipe, duct, conduit,
and ancillary equi pnent shall be configured to facilitate easy renoval and
repl acenent of nmjor conponents and parts of the engi ne-generator set.

3.2 Pl PI NG | NSTALLATI ON

3.2.1 CGener a
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Pi pi ng shall be wel ded. Connections at valves shall be fl anged.
Connections at equi prent shall be flanged except that connections to the
di esel engine may be threaded if the diesel-engi ne manufacturers standard
connection is threaded. Except where otherw se specified, welded flanged
fittings shall be utilized to allow for conplete dismantling and renoval of
each piping systemfromthe facility wi thout disconnecting or renobving any
portion of any other systenis equi pnent or piping. Connections to

equi prent shall be made with flexible connectors. Pipes extending through
the roof shall be properly flashed. Piping shall be installed clear of

wi ndows, doors and openings, to permit thermal expansion and contraction
wi t hout damage to joints or hangers, and shall be installed with a 15 mm
drain valve with cap at each | ow point.

3.2.2 Suppor t
Hangers, inserts, and supports shall be of sufficient size to accommpdate
any insulation and shall conformto MSS SP-58 and MSS SP-69. Supports
shal | be spaced not nore than 2.1 m on center for pipes 50 mm in dianeter
or less, not nore than 3.6 m on center for pipes |larger than 50 nmm but
smal l er than 100 nm in dianeter, and not nore than 5.2 m on center for
pi pes larger than 100 mm in dianmeter. Supports shall be provided at pipe
bends or change of direction.

3.2.3 Fl anged Joints
Fl anges shall be O ass 125 type, drilled, and of the proper size and
configuration to nmatch the equi pnent and di esel engi ne connecti ons.
Fl anged joints shall be gasketed and nade up square and tight.

3.2. 4 Cl eani ng

After fabrication and before assenbly, piping interiors shall be manually
wi ped cl ean of debris.

3.3 ELECTRI CAL | NSTALLATI ON

El ectrical installation shall conply with NFPA 70, | EEE C2, and Section
16415 ELECTRI CAL WORK, | NTERI OR

3.3.1 Vi bration Isolation

Flexible fittings shall be provided for conduit, cable trays, and raceways
attached to engi ne-generator sets.

3.4 FI ELD PAI NTI NG
Field painting shall be as specified in Section 09900 PAI NTI NG GENERAL.
3.5 ONSI TE | NSPECTI ON AND TESTS
3.5.1 Test Conditions
3.5.1.1 Dat a
Measurenments shall be nade and recorded of all paraneters necessary to
verify that each set neets specified paraneters. |If the results of any

test step are not satisfactory, adjustnments, replacenents, or repairs shal
be made and the step repeated until satisfactory results are obtained.
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Unl ess ot herwi se indicated, data shall be recorded in 15 nminute intervals
during engi ne-generator set operation and shall include: readings of all
engi ne-generator set neters and gauges for electrical and power paraneters;
oi |l pressure; anbient tenperature; and engi ne tenperatures available from
nmeters and gauges supplied as pernmanent equi pnment on the engi ne-generator
set.

3.5.1.2 Power Fact or

For all engine-generator set operating tests the |oad power factor shall be
.8 power factor.

3.5.1.3 Contractor Supplied Itens

The Contractor shall provide equi pnent and supplies required for
i nspections and tests including fuel, test instruments, and | oadbanks at
t he specified power factors.

3.5.1.4 I nstrunent s

Readi ngs of panel gauges, neters, displays, and instrunments provided as
per manent equi pnent shall be verified during test runs, using test
instruments of greater precision and accuracy. Test instrunent accuracy
shall be within the following: <current plus or mnus 1.5 percent, voltage
plus or mnus 1.5 percent, real power plus or mnus 1.5 percent, reactive
power plus or mnus 1.5 percent, power factor plus or mnus 3 percent,
frequency plus or minus 0.5 percent. Test instrunents shall be calibrated
by a recogni zed standards | aboratory within 30 days prior to testing.

3.5.1.5 Sequence

The sequence of testing shall be as specified in the approved testing plan
unl ess variance is authorized by the Contracting Oficer. Field testing
shall be perfornmed in the presence of the Contracting Officer. Tests may
be schedul ed and sequenced in order to optim ze run-tine periods; however
the follow ng general order of testing shall be followed: Construction
Tests; lnspections; Pre-operational Tests; Safety Run Tests; and

Per f or mance Tests.

3.5.2 Construction Tests

I ndi vi dual conponent and equi pnent functional tests for fuel piping,

cool ant piping, and lubricating-oil piping, electrical circuit continuity,
i nsul ation resistance, circuit protective devices, and equi pnent not

provi ded by the engi ne-generator set manufacturer shall be perforned prior
to connection to the engi ne-generator set.

3.5.2.1 Pi pi ng Test

a. Lube-oil and fuel-oil piping shall be flushed with the sane type
of fluid intended to flow through the piping, until the outflow ng
fluid has no obvious sedi ment or enul sion

b. Piping which is external to the engi ne-generator set shall be
pressure tested with air pressure at 150 percent of the maxi num
antici pated working pressure, but not less than 1.03 MPa, for a

period of 2 hours to prove the piping has no leaks. |If piping is
to be insulated, the test shall be performed before the insulation
is applied.

SECTI ON 16263 Page 37



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

3.

3.

5.2.2 El ectrical Equi pment Tests

a. Insulation integrity tests shall be perforned for cables
connecting the generator breaker to the automatic transfer switch
in accordance with Section 16375 ELECTRI CAL DI STRI BUTI ON SYSTEM
UNDERGROUND.

b. G ound-Resistance Tests shall be perforned in accordance with
Section 16375 ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND.

c. GCircuit breakers shall be exam ned and tested in accordance with
the manufacturer’s published instructions for functional testing.

5.3 I nspecti ons

The foll owi ng inspections shall be perforned jointly by the Contracting

O ficer and the Contractor, after conplete installation of each

engi ne-generator set and its associ ated equi pnent, and prior to startup of
t he engi ne-generator set. Checks applicable to the installation shall be
performed. The results of those which are physical inspections (1) shal
be docunented by the Contractor and subnitted in accordance w th paragraph
SUBM TTALS. The Contractor shall present manufacturer’s data for the

i nspections designated (D) at the tine of inspection. |nspections shal
verify that equi pment type, features, accessibility, installation and
condition are in accordance with the contract specification
Manufacturer’s statements shall certify provision of features which cannot
be verified visually.

Drive belts.

Governor type and features.
Engi ne timng mark.
Starting notor.

Starting aids.

Cool ant type and concentration.
Radi at or drai ns.

Bl ock cool ant drai ns.

Cool ant fill |evel.

10. Cool ant |ine connections.
11. Cool ant hoses.

12. Conbustion air filter.

13. Intake air silencer.

CONoOrWNE
DTl /el g g

e e e e e e e N N N N e N N N N N N N e N N e N N N N e N

14. Lube oil type. D
15. Lube oil sunp drain. I
16. Lube-oil filter. |
17. Lube-oil | evel indicator. |
18. Lube-oil fill |evel. |
19. Lube-o0il |ine connections. |
20. Lube-oil Iines. |
21. Fuel type. D
22. Fuel -1 evel .

23. Fuel -1ine connections.

24. Fuel |ines.

25. Fuel filter.

26. Access for naintenance.

27. Vol tage regul ator.

28. Battery-charger connections.
29. Wring & termnations.

30. Instrumentation

ANANAN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN S
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3.

3.

3.

31. Hazards to personnel. (1)
32. Base. (1)
33. Nanepl at es. (1)
34. Paint. (1)
35. Exhaust-heat system (1)
36. Exhaust nuffler. (1)
37. Switchboard. (1)
38. Switchgear. (1)
39. Access provided to controls. (1)
40. Encl osure is weather resistant. (1)
41. Engi ne & generator mounting bolts (application). (1)

5.4 Pre-operational Tests
5.4.1 I nsul ation Test

Generator and exciter circuits insulation resistance shall be tested with
an insulation tester. Stator readings shall be taken at the circuit
breaker, to include generator leads to switchgear. Results of insulation
resi stance tests shall be recorded. Readings shall be within limts
specified by the nanufacturer. Mechanical operation, insulation

resi stance, protective relay calibration and operation, and wring
continuity of switchgear assenbly shall be verified. Precautions shall be
taken to preclude damagi ng generator conponents during test.

.5.4.2 Engi ne- Gener at or Connecti on Coupling Test

When the generator provided is a two-bearing nachi ne, the engi ne-generator
connection coupling shall be inspected and checked by dial indicator to
prove that no misalignnment has occurred. The dial indicator shall neasure
variation in radial positioning and axial clearance between the coupling
hal ves. Readings shall be taken at four points, spaced 90 degrees apart.
Solid couplings and pin-type flexible couplings shall be aligned within a
total indicator reading of 0.012 to 0.025 nm for both parallel and angul ar
m sal i gnnent. For gear-type or grid-type couplings, 0.05 mm wll be
accept abl e.

5.5 Safety Run Test

a. Performand record engi ne nmanufacturer’s recomended prestarting
checks and inspections.

b. Start the engine, record the starting tinme, make and record engi ne
manuf acturer’s after-starting checks and inspections during a
reasonabl e warm up peri od

c. Activate the nanual energency stop switch and record the tinme to
st op.

d. Renove the high and pre-high lubricating oil tenperature sensing
el ements fromthe engine and tenporarily install a tenperature
gauge in their normal |ocations on the engine (required for
safety, not for recorded data). Were necessary provide tenporary
Wi ring harness to connect the sensing elenents to their pernmanent
el ectrical |eads.

e. Start the engine, record the starting time, nake and record engi ne

manuf acturer’s after-starting checks and inspections during a
reasonabl e warmup period. Operate the engi ne-generator set at no

SECTI ON 16263 Page 39



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

| oad until the output voltage and frequency stabilize. Monitor
the tenporarily installed tenperature gauges. |If either
tenmperature readi ng exceeds the value required for an al arm
condition, activate the manual energency stop switch.

f. Immerse the elenents in a vessel containing controlled-tenperature
hot oil and record the tenperature at which the pre-high alarm
activates and the tenperature at which the engi ne shuts down.
Renove the tenporary tenperature gauges and reinstall the
temperature sensors on the engine.

g. Renove the high and pre-high coolant tenperature sensing el enents
fromthe engine and tenporarily install a tenperature gauge in
their normal |ocations on the engine (required for safety, not for
recorded data). Where necessary provide tenmporary wiring harness
to connect the sensing elements to their pernmanent electrica
| eads.

h. Start the engine, record the starting tine, nmake and record engi ne
manuf acturer’s after-starting checks and inspections during a
reasonabl e warmup period. Operate the engine generator-set at no
load until the output voltage and frequency stabili ze.

i. Inmrerse the elenents in a vessel containing controlled-tenperature
hot oil and record the tenperature at which the pre-high alarm
activates and the tenperature at which the engi ne shuts down.
Renove the tenporary tenperature gauges and reinstall the
temperature sensors on the engine.

j. Start the engine, record the starting tine, nmake and record engi ne
manuf acturer’s after-starting checks and inspections during a
reasonabl e war mup period

k. Operate the engine generator-set for at |least 2 hours at 75
percent of Service Load.

. Verify proper operation and setpoints of gauges and instrunents.
m Verify proper operation of ancillary equipnent.

n. Mnual ly adjust the governor to increase engi ne speed past the
overspeed limt. Record the RPM at which the engi ne shuts down.

0. Start the engine, record the starting time, nake and record engi ne
manuf acturer’s after-starting checks and i nspections and operate
the engi ne generator-set for at |east 15 minutes at 75 percent of
Servi ce Load.

p. Manually adjust the governor to increase engine speed to within 2
percent of the overspeed trip speed previously determ ned and
operate at that point for 5 minutes. Mnually adjust the governor
to the rated frequency.

gq. Mnually fill the day tank to a | evel above the overfill limt.
Record the | evel at which the overfill alarmsounds. Verify
shutdown of the fuel transfer punp. Drain the day tank down bel ow
the overfill limt.

r. Shut down the engine. Renmpbve the tine-delay |ow |lube oil pressure
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3.

al arm bypass and try to start the engine.

s. Attach a manifold to the engine oil systemthat contains a shutoff
valve in series with a connection for the engine's oil pressure
sensor followed by an oil pressure gauge ending with a bl eed
val ve. The engine’'s oil pressure sensor shall be noved fromthe
engine to the manifold and its normal |ocation on the engine
temporarily sealed. The manifold shutoff valve shall be open and
bl eed val ve cl osed.

t. Start the engine, record the starting time, nmake and record engi ne
manuf acturer’s after-starting checks and i nspections and operate
the engine generator-set for at least 15 mnutes at 75 percent of
Servi ce Load.

u. Cose the manifold shutoff valve. Slowy allow the pressure in
the manifold to bleed off through the bleed val ve while watching
the pressure gauge. Record the pressure at which the engine shuts
down. Catch oil spillage fromthe bleed valve in a container
Add the oil fromthe container back to the engine, renove the
mani fol d, and reinstall the engine's oil pressure sensor on the
engi ne.

v. Start the engine, record the starting time, nmake and record engine
manuf acturer’s after-starting checks and i nspections and operate
the engine generator-set for at least 15 mnutes at 100 percent of
Service Load. Record the maxi mum sound | evel in each frequency
band at a distance of 22.9 m fromthe end of the exhaust piping
directly along the path of discharge for horizontally di scharged
exhausts, or at a radius of 22.9 mfromthe engine at 45 degrees
apart in all directions for vertically discharged exhausts.

w. Manually drain off fuel slowy fromthe day tank to enpty it to
bel ow the I ow fuel level limt and record the |evel at which the
audi bl e al arm sounds. Add fuel back to the day tank to fill it
above low level alarmlimts.

X. Manually adjust the governor to speed up the engine to a | evel
beyond t he over frequency al arm setpoint and record the frequency
when the audi bl e al arm sounds. Manual |y adjust the governor to
sl ow down the engine to a | evel below the under frequency al arm
setpoint and record the frequency when the audi bl e al arm sounds.
Return the speed to the rated value. Shut down the
engi ne-generator set.

5.6 Per f ormance Tests

In the followi ng tests, where neasurenents are to be recorded after
stabilization of an engi ne-generator set paraneter (voltage, frequency,
current, tenperature, etc.), stabilization is considered to have occurred
when neasurenents are naintained within the specified bandw dths or

tol erances, for a mininmum of four consecutive readings.

.5.6.1 Engi ne Load Run Test

Test the engi ne-generator set and ancillary systens at service load to
denonstrate durability; verify that heat of extended operation does not
adversely affect or cause failure in any part of the system and check al
parts of the system The engine |load run test shall be acconplished
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principally during daylight hours, with an average anbi ent tenperature of 25
degrees C. Data taken at 15 minute intervals shall include the foll ow ng:

El ectrical: Qutput anperes, voltage, real and reactive power, power
factor, frequency.

Pressure: Lube-oil

Tenperature: Cool ant.

Lube-oil .
Exhaust .
Anbi ent .
a. Performand record engi ne manufacturer’s reconmmrended prestarting
checks and inspections. Include as a m ni num checki ng cool ant
fluid, fuel, and lube-oil |evels.

b. Start the engine, make and record engi ne manufacturer’s
after-starting checks and i nspections during a reasonabl e warnmup
peri od.

c. Operate the engine generator-set for 2 hours at 75 percent of
Servi ce Load.

e. Increase load to 110 percent of Service Load and operate the
engi ne generator-set for 2 hours.

f. Decrease |load to 100 percent of Service Load and operate the
engi ne generator-set for 2 hours or until all tenperatures have
stabilized.

g. Renove |load fromthe engi ne-generator set.
3.5.6.2 Vol t age and Frequency Droop Test

For the followi ng steps, verify that the output voltage and frequency
return to and stabilize within the specified bandw dth val ues foll ow ng
each | oad change. Record the generator output frequency and |ine-line and
line-neutral voltages follow ng each | oad change.

a. Performand record engi ne nanufacturer’s recomended prestarting
checks and inspections. Start the engine, nake and record engine
manuf acturer’s after-starting checks and inspections during a
reasonabl e war mup period

b. Wth the generator operating at 0 percent |oad, adjust voltage and
frequency to rated voltage and frequency.

c. Apply and drop |oad equal to the Maxi num Step Load I ncrease three
times in succession.

d. Increase load to 100 percent of Service Load in steps equal to the
Maxi mum St ep Load Increase. Adjust the |oad, voltage and
frequency to 100 percent of Service Load and rated voltage and
frequency. No further adjustnents may be nade to any set controls
after this step.

e. Reduce the load to no load in one step

SECTI ON 16263 Page 42



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

f.

3.5.6.3

Increase | oad to 100 percent of Service Load in steps equal to the
Maxi mum Step Load Increase. Decrease load to O percent of Service
Load in steps of 10 percent (operate at each step until voltage
and frequency stabilization is achieved).

Pl ot frequency vs. percent of rated |oad. Plot voltage vs.
percent of rated | oad.

Cal cul ate the percent droop for voltage and frequency with the
foll owi ng equati ons.

Vol t age Droop percentage = ((No-Load Vol ts)-(Service-Load
Vol ts))/ (Service-Load Volts) x 100

Frequency Droop percentage = ((No-Load Hertz)-(Service-Load
Hertz))/ (Service-Load Hertz) x 100

Vol t age Regul at or Range Test

For the followi ng steps, record the output line-line and |ine-neutra
vol tages and frequency after perforning each step instruction (after
stabilization of voltage and frequency).

a.

Perform and record engi ne nanufacturer’s reconmended prestarting
checks and inspections. Start the engine, nake and record engine
manuf acturer’s after-starting checks and inspections during a
reasonabl e warm up peri od

Apply load in steps no larger than the Maxi num Step Load I ncrease
to | oad the engi ne-generator set to 100 percent of Service Load.
Adj ust voltage and frequency to rated voltage and frequency. No
further adjustnments may be nmade to any set control for the

remai nder of this test except the control panel voltage adjust
devi ce.

Renmove all | oad.

Wil e operating at 0 percent of Service Load, adjust the voltage
regul ator to 110 percent of rated voltage.

Increase load fromO to 100 percent of Service Load.

Decrease |l oad from 100 to O percent of Service Load.

Wil e operating at 0 percent of Service Load, adjust the voltage
regul ator to the maxi num attai nable voltage or to a val ue just
prior to actuation of the over-voltage protective device.
Increase load fromO to 100 percent of Service Load.

Decrease |l oad from 100 to O percent of Service Load.

Wil e operating at 0 percent of Service Load, adjust the voltage
regul ator to 90 percent of rated voltage.

Increase load fromO to 100 percent of Service Load.

Adj ust the voltage regulator to the mninum attai nabl e val ue or
the value just prior to activation of the undervoltage protection
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3.5.6.4

devi ce.

Decrease the load to 0 percent of Service Load.

Wth the data recorded while the voltage regul ator setpoint was at
110 percent rated voltage, calculate the percent voltage droop
with the foll owi ng equation.

Vol t age Droop percentage = ((No-Load Vol ts)-(Service-Load
Vol ts))/ (Service-Load Volts) x 100

Repeat the above cal culation for the data recorded for the voltage
regul ator setpoint of 90 percent rated voltage, and for the
maxi mum and m ni nrum attai nabl e vol tage | evel s.

CGovernor Adjustnent Range Test

For the followi ng steps, record the output line-line and line-neutra
vol tages and frequency after perfornmng each step instruction (after
stabilization of voltage and frequency). Operate for approximtely two
m nutes at each step.

a.

3.5.6.5

Perform and record engi ne manufacturer’s recomended prestarting
checks and inspections. Start the engine, nake and record engine
manuf acturer’s after-starting checks and inspections during a
reasonabl e war mup period

Make initial adjustnments to the | oad, voltage and frequency to
obtain rated values. No further adjustnments nay be rmade to any
set control for the renmainder of this test except the contro
panel frequency adjust devi ce.

Wil e operating at rated voltage and O percent of Service Load,
adj ust the governor to 90 percent of rated frequency or just above
the underfrequency trip setpoint.

Increase | oad to 100 percent of Service Load in steps equal to the
maxi mum step | oad i ncrease.

Decrease |l oad from 100 to O percent of Service Load. Adjust the
governor control to just bel ow the engine overspeed trip setpoint.

Apply 100 percent of Service Load in steps equal to the maxi num
step load increase and operate for approximtely two m nutes at
each step.

Wth the data recorded while the governor setpoint was at 90
percent rated frequency cal cul ate the percent frequency regul ation
with the foll owi ng equation.

Frequency Droop percentage = ((No-Load Hertz)-(Servcie-Load
Hertz))/ (Service-Loade Hertz) x 100

Repeat the above cal cul ation using the data recorded with the
governor control at just below the engine overspeed trip setpoint.

Frequency and Voltage Stability and Transi ent Response

Verify that the engine-generator set responds to addition and droppi ng of
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bl ocks of load in accordance with the transient response requirenents.
Docunent naxi mum vol tage and frequency variation from bandw dth and verify
that voltage and frequency return to and stabilize within the specified
bandwi dth, within the specified response tine period. Docunent results
with high resolution, high speed strip chart recorders and express the
results as detailed in ML-STD 705 nethod 608.1. Data taken shall include
the foll ow ng:

Anbi ent tenperature (at 15 ninute intervals)
Generator output current (before and after |oad changes).
Generator output voltage (before and after |oad changes).
Frequency (before and after |oad changes).
Charts of nonentary overshoot and undershoot (generator term na
vol tage and frequency) and recovery tinme for each | oad change
together with the voltage and frequency maxi mum and m ni nrumtrace
excursions for each steady state |oad condition prior to and
i medi ately followi ng each | oad change.

Charts which show the generator term nal voltage and frequency
transient recovery tine for each step |l oad i ncrease and decrease.

a. Performand record engi ne manufacturer’s reconmrended prestarting
checks and inspections.

b. Start the engine, make and record engi ne manufacturer’s
after-starting checks and inspections during a reasonabl e warm up
period and no load. Verify stabilization of voltage and frequency
wi thin specified bandwi dt hs.

c. Wth the unit at no |load, apply the Maxi mum Step Load | ncrease.

d. Apply load in steps equal to the Maxi num Step Load I ncrease until
the addition of one nore step increase will exceed the Service
Load.

e. Decrease load to the unit such that addition of the Maxi mum Step
Load Increase will load the unit to 100 percent of Service Load.

f. Apply the Maxi mum Step Load I ncrease.

g. Decrease load to zero percent in steps equal to the Maxi mum Step
Load Decrease

h. Repeat steps c. through g.

3.5.6.6 Automatic Operation Tests for Stand-Al one Operation
The automatic | oading systemshall be tested to denpbnstrate automatic
starting, and |oadi ng and unl oadi ng of each engi ne-generator set. The
| oads for this test shall utilize the actual |oads to be served, and the
| oadi ng sequence shall be the indicated sequence. A voltage and frequency
stability and transient response test shall be perforned for each | oad
change. Data taken shall include the follow ng:

Anmbi ent tenperature (at 15 minute intervals)
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3.

5.

7

=

Generator output current (before and after |oad changes).
Generator output voltage (before and after |oad changes).
Generator output frequency (before and after |oad changes).

Charts of nonentary overshoot and undershoot (generator term na
vol tage and frequency) and recovery time for each | oad change
together with the voltage and frequency maxi mum and m ni mumtrace
excursions for each steady state |oad condition prior to and

i medi ately follow ng each | oad change

Charts which show the generator termnal voltage and frequency
transient recovery tine for each step |load i ncrease and decrease.

Initiate | oss of the prinmary power source.

Verify starting of the engine generator set and function of the
automatic transfer switch. Record the tinme to start and assune

| oad (voltage and frequency neasurenments are required on the |oad
termnals of the automatic transfer switch). Verify stabilization
of voltage and frequency within specified bandw dt hs.

Verify that the automatic | oadi ng system sequences | oad onto the
systemas indicated. Verify stabilization of voltage and
frequency within specified bandwi dths after each | oad change.

Restore the primary power source and nmonitor transfer fromthe
alternate power source to the prinmary power source. Verify
operation and tinme delay settings for the automatic transfer
switch. Verify stabilization of voltage and frequency of the
primary system Verify stabilization of the engi ne-generator set
vol tage and frequency at no | oad.

Moni tor the cool -down period for the engine. Record the anbient
tenmperature, coolant tenperature, and tine from systemtransfer
until engi ne shut down.

Verify resetting of controls to nornal
nal | nspection

Renove the lube oil filter and have the oil and filter exam ned by
the engi ne manufacturer for excessive nmetal, abrasive foreign
particles, etc. Any corrective action shall be verified for

ef fectiveness by running the engine for 8 hours at Service Load,
then re-examning the oil and filter.

Vi sual ly inspect and check engi ne and generator nounting bolts for
ti ghtness and visibl e damage.

Start the engine, record the starting time, nmake and record al
engi ne manufacturer’s after-starting checks and inspections during
a reasonabl e warmup period

Increase the load in steps no greater than the Maxi mum Step Load

I ncrease to 100 percent of Service Load, and operate the
engi ne-generator set for at |east 30 mnutes.
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3.

e. Measure the vibration at the end bearings (front and back of
engi ne, outboard end of generator) in the horizontal, vertical
and axial directions. Verify that the vibration is within the
same range as previous nmeasurenents and is within the required
range.

f. Renobve |oad and shut down the engi ne-generator set after the
reconmrended cool down peri od.

6 FRAMED | NSTRUCTI ONS

Two sets of instructions shall be typed and franmed under weat her proof
| am nated plastic, and posted side-by-side where directed before

acceptance. First set of instructions shall include wiring and contro
di agrans and a conplete |ayout of the system Second set of instructions
shal | include the condensed operating instructions describing

manufacturer’s pre-start checklist and precautions; startup procedures for
test-node, nmanual -start node, and automatic-start node (as applicable);
runni ng checks, procedures, and precautions; and shutdown procedures,
checks, and precautions. Instructions shall include procedures for
interrel ated equi pnent (such as heat recovery systens, co-generation

| oad- sheddi ng, and automatic transfer switches).

T MANUFACTURER S FI ELD SERVI CE

. 7.1 Onsite Training

The Contractor shall conduct training course for operating staff as
designated by the Contracting O ficer. The training period shall consist
of a total 8 hours of normal working tinme and shall start after the system
is functionally conpleted but prior to final acceptance. The course

i nstructions shall cover pertinent points involved in operating, starting,
stoppi ng, servicing the equipnent, as well as najor elenents of the
operation and nai ntenance nmanuals. Additionally, the course instructions
shal | denonstrate routine nmintenance operations such as oil change, oi
filter change, air filter change, etc. Two copies of a VHS format video
tape of the entire training session shall be submtted.

.T7.2 Fi el d Engi neer

The engi ne-generator set manufacturer or assenbler shall furnish a
qualified field engineer to supervise the conplete installation of the
engi ne-generator set, assist in the performance of the onsite tests, and
i nstruct personnel as to the operational and maintenance features of the
equi prent .

. 8 ACCEPTANCE

Fi nal acceptance of the engine-generator set will not be given until the
contractor has successfully conpleted all tests and all defects in
installation material or operation have been corrected.

-- End of Section --
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SECTI ON 16375

ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)

ANSI Cl12.11 (1987; R 1993) Instrunent Transforners for
Revenue Metering, 10 kV BIL through 350 kV
BIL (0.6 kV NSV through 69 kV NSV)

ANS| C29.1 (1988; R 1996) El ectrical Power |nsulators
- Test Methods

ANS| C37.16 (1988; C37.16a; R 1995) Low Voltage Power
Circuit Breakers and AC Power Circuit
Protectors - Preferred Ratings, Related
Requi renments, and Application
Recomendat i ons

ANSI C57.12.21 (1995) Requirenents for Pad- Mounted,
Conpart nent al - Type, Sel f- Cool ed,
Si ngl e- Phase Distribution Transforners
wi t h Hi gh- Vol t age Bushi ngs; (Hi gh-Voltage,
34 500 Grd Y/19 920 Volts and Bel ow;
Low Vol t age, 240/120; 167 kVA and Snul |l er)

ANSI C57.12. 26 (1993) Pad- Mount ed Conpart nent al - Type,
Sel f - Cool ed, Three-Phase Distribution
Transformers for Use with Separable
I nsul at ed Hi gh- Vol t age Connectors,
Hi gh- Vol tage, 34 500 Gd Y/19 920 Volts
and Bel ow; 2500 kVa and Smal | er

ANSI C80.1 (1995) Rigid Steel Conduit - Zinc Coated

ANSI Cl119.1 (1986) Seal ed I nsul at ed Under gr ound
Connector Systens Rated 600 Volts

ANSI 6.1 (1992) Specifications and Di nensions for
Wod Pol es

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM A 48 (1994a) Gray lron Castings

ASTM A 123 (1989a) Zinc (Hot-Di p Gal vani zed) Coatings
on Iron and Steel Products
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ASTM A 153 (1996) Zinc Coating (Hot-Dip) on Iron and
St eel Har dwar e

ASTM B 3 (1995) Soft or Anneal ed Copper Wre

ASTM B 8 (1993) Concentric-Lay-Stranded Copper
Conductors, Hard, MediumHard, or Soft

ASTM B 117 (1997) Operating Salt Spray (FOG Apparatus

ASTM B 231 (1995) Concentric-Lay-Stranded Al um num

1350 Conductors

ASTM B 400 (1994) Conpact Round
Concentri c-Lay-Stranded Al um num 1350
Conduct ors

ASTM B 496 (1992) Conpact Round
Concentri c-Lay- Stranded Copper Conductors

ASTM B 609 (1997) Al umi num 1350 Round Wre, Anneal ed
and Internediate Tenpers, for Electrical
Pur poses

ASTM B 609M (1991) Alum num 1350 Round Wre, Anneal ed

and Internediate Tenpers, for Electrical
Pur poses (Metric)

ASTM C 478 (1996) Precast Reinforced Concrete Manhol e
Secti ons

ASTM C 478M (1996) Precast Reinforced Concrete Mhhol e
Sections (Metric)

ASTM D 923 (1991) Sanpling Electrical Insulating
Li qui ds

ASTM D 1654 (1992) Eval uation of Painted or Coated

Speci mens Subj ected to Corrosive
Envi ronnent s

ASTM D 4059 (1996) Anal ysis of Polychlorinated
Bi phenyls in Insulating Liquids by Gas
Chr omat ogr aphy
ASSCOCI ATI ON OF EDI SON | LLUM NATI NG COVPANI ES ( AEI )

AEl C CS5 (1994) Cross-linked Pol yethyl ene I nsul ated
Shi el ded Power Cabl es Rated 5 Through 46 kV

AEI C CS6 (1996) Ethyl ene Propyl ene Rubber I|nsul ated
Shi el ded Power Cables Rated 5 Through 69 kV

FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM
FM P7825a (1998) Approval Cuide Electrical Equipnent

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
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| EEE C2 (1997) National Electrical Safety Code

| EEE ANSI /| EEE C37. 13 (1990; R 1995) Low Vol tage AC Power
Crcuit Breakers Used in Encl osures

| EEE ANSI/ | EEE C37.20.1 (1993) Metal - Encl osed Low Vol t age Power
Circuit-Breaker Switchgear

| EEE ANSI /| EEE C37. 20. 2 (1993; C37.20.2b) Metal-d ad and
St ati on-Type Cubicle Switchgear

| EEE ANSI/ | EEE C37.20. 3 (1987; R 1992) Metal -Encl osed Interrupter
Swi t chgear

| EEE ANSI /| EEE C57.12.00 (1993) | EEE Standard CGeneral Requirenents

for Liquid-lmersed Distribution, Power,
and Regul ating Transforners

| EEE ANSI /| EEE C57. 13 (1993) Instrument Transforners
| EEE ANSI /| EEE C57.98 (1993) Cuide for Transforner |npulse Tests
| EEE C62.1 (1989; R 1994) Surge Arresters for ac

Power Circuits

| EEE C62. 2 (1987; R 1994) Guide for the Application
of Gapped Silicon-Carbide Surge Arresters
for Alternating Current Systens

| EEE C62.11 (1993) | EEE Standard Metal - Oxi de Surge
Arresters for AC Power Circuits

| EEE Std 48 (1996) Standard Test Procedures and
Requi rements for Alternating-Current Cable
Term nations 2.5 kV through 765 kV

| EEE Std 81 (1983) CGuide for Measuring Earth
Resistivity, Gound | npedance, and Earth
Surface Potentials of a Gound System

(Part 1)

| EEE Std 100 (1996) | EEE Standard Dictionary of
El ectrical and El ectronics Terns

| EEE Std 386 (1995) Separabl e Insul ated Connect or
Systens for Power Distribution Systens
Above 600V

| EEE Std 404 (1993) Cable Joints for Use with Extruded

Dielectric Cable Rated 5000 V through 138
000 V and Cable Joints for Use with

Lami nated Dielectric Cable Rated 2500 V
Thr ough 500 000 V

| EEE Std 592 (1990; R 1996) Exposed Sem conducti ng

Shi el ds on Prenol ded H gh Vol tage Cabl e
Joi nts and Separabl e I nsul ated Connectors
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA AB 1

NEVA FB 1

NEMA LA 1

NEVA SG 3

NEMVA TC 6

NEVA WC 7

NEVA VWC 8

(1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches

(1993) Fittings, Cast Metal Boxes and
Conduit Bodi es for Conduit and Cabl e
Assenbl i es

(1992) Surge Arresters
(1995) Power Switching Equi pment

(1990) PVC and ABS Plastic UWilities Duct
for Underground Installation

(1991; Rev 1)

Cross- Li nked- Ther noset ti ng- Pol yet hyl ene-
Insul ated Wre and Cable for the

Transm ssion and Distribution of

El ectrical Energy

(1991; Rev 1; Rev 2)

Et hyl ene- Propyl ene- Rubber -1 nsul ated Wre
and Cable for the Transm ssion and
Distribution of Electrical Energy

NATI ONAL FI RE PROTECTI ON ASSCCI ATl ON ( NFPA)

NFPA 70

(1996; Errata 96-4) National Electrical
Code

UNDERWRI TERS LABORATORI ES (UL)

UL 6

UL 198C

UL 467

UL 486A

UL 486B

UL 489

UL 510

UL 514A

(1997) Rigid Metal Conduit

(1986; Rev thru Feb 1998)
Hi gh-Interrupting-Capacity Fuses,
Current-Limting Types

(1993; Rev thru Aug 1996) Groundi ng and
Bondi ng Equi pnent

(1997) Wre Connectors and Sol dering Lugs
for Use with Copper Conductors

(1997; Rev Jun 1997) Wre Connectors for
Use with Al um num Conductors

(1996; Rev thru Nov 1997) Mol ded- Case
Circuit Breakers, Ml ded-Case Swi tches,
and Circuit-Breaker Encl osures

(1994; Rev thru Nov 1997) Pol yvinyl
Chl ori de, Pol yet hyl ene and Rubber
| nsul ati ng Tape

(1996) Metallic Qutlet Boxes
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UL 651 (1995; Rev thru Apr 1997) Schedule 40 and
80 Rigid PVC Conduit

UL 854 (1996; Rev Apr 1996) Service-Entrance
Cabl es

UL 1072 (1995; Rev Mar 1998) Medi um Vol t age Power
Cabl e

UL 1242 (1996; Rev Apr 1997) Internediate Meta
Condui t

1.2 GENERAL REQUI REMENTS
1.2.1 Ter m nol ogy

Term nol ogy used in this specification is as defined in I|EEE Std 100.
1.2.2 Servi ce Conditions

Itens provided under this section shall be specifically suitable for the
foll owi ng service conditions:

a. Frequency 60 Hz
b. Seismc Zone 0
1.3 SUBM TTALS

Governnental approval is required for submttals with a "GA" designation
submittals having an "FI O' designation are for information only. The
followi ng shall be submtted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 01 Data
Manuf acturer’s Catal og Data; GA.
Catal og cuts, brochures, circulars, specifications, product data, and
printed information in sufficient detail and scope to verify conpliance
with the requirenents of the contract documents.
Mat eri al, Equi pment, and Fi xture Lists; GA
A complete itenized listing of equipnent and naterials proposed for
i ncorporation into the work. Each entry shall include an item nunber, the
quantity of itenms proposed, and the nane of the manufacturer of each such
item
Installation Procedures; FIO

As a mininum installation procedures for transformers, substations,
swi tchgear, and medi um voltage cable term nations and splices

Procedures shall include cable pulling plans, diagrans, instructions, and
precautions required to install, adjust, calibrate, and test the devices
and equi prent .

SD- 04 Dr awi ngs
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El ectrical Distribution System FIO

Detail drawi ngs consisting of equipnment draw ngs, illustrations, schedul es,
i nstructions, diagranms nmanufacturers standard installation draw ngs and
other information necessary to define the installation and enable the
Governnent to check conformty with the requirenents of the contract

dr awi ngs.

If departures fromthe contract draw ngs are deenmed necessary by the
Contractor, conplete details of such departures shall be included with the
detail draw ngs. Approved departures shall be made at no additional cost
to the Governnent.

Detail drawi ngs shall show how conponents are assenbl ed, function together
and how they will be installed on the project. Data and draw ngs for
conmponent parts of an itemor systemshall be coordinated and subnitted as
a unit. Data and draw ngs shall be coordinated and included in a single
submi ssion. Miltiple subnissions for the sane equi pnent or system are not
accept abl e except where prior approval has been obtained fromthe
Contracting Oficer. |In such cases, a list of data to be submitted |ater
shall be included with the first submi ssion. Detail drawi ngs shall consi st
of the follow ng:

a. Detail drawi ngs show ng physical arrangement, construction
details, connections, finishes, materials used in fabrication
provi sions for conduit or busway entrance, access requirenents for
installation and nmai ntenance, physical size, electrica
characteristics, foundation and support details, and equi pnent
wei ght. Draw ngs shall be drawn to scal e and/or dinensioned. Al
optional itens shall be clearly identified as included or excluded.

b. Internal wring diagrans of equipnment showing wiring as actually
provided for this project. External wring connections shall be
clearly identified.

Detail drawi ngs shall as a mninumdepict the installation of the follow ng
itens:

a. Mediumvoltage cabl es and accessories including cable installation
pl an.

b. Transfornmers.
As-Built Draw ngs; FIO

The as-built drawi ngs shall be a record of the construction as install ed.
The drawi ngs shall include the infornmati on shown on the contract draw ngs
as well as deviations, nodifications, and changes fromthe contract

drawi ngs, however minor. The as-built drawi ngs shall be a full sized set
of prints marked to reflect deviations, nodifications, and changes. The
as-built drawi ngs shall be conplete and show the | ocation, size,

di nensions, part identification, and other information. Additional sheets
may be added. The as-built drawi ngs shall be jointly inspected for
accuracy and conpl eteness by the Contractor’s quality contro
representative and by the Contracting Officer prior to the subn ssion of
each nmonthly pay estimate. Upon conpletion of the work, the Contractor
shal | provide three full sized sets of the marked prints to the Contracting
Oficer for approval. |If upon review, the as-built drawings are found to
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contain errors and/or om ssions, they will be returned to the Contractor
for correction. The Contractor shall correct and return the as-built
drawi ngs to the Contracting O ficer for approval within 10 cal endar days
fromthe tine the drawings are returned to the Contractor

SD-09 Reports
Factory Test; FIQO
Certified factory test reports shall be subnmitted when the manufacturer
performs routine factory tests, including tests required by standards
listed in paragraph REFERENCES. Results of factory tests perforned shal
be certified by the manufacturer, or an approved testing | aboratory, and
submitted within 7 days follow ng successful conpletion of the tests. The
manufacturer’s pass-fail criteria for tests specified in paragraph FlIELD
TESTI NG shal | be i ncl uded.
Field Testing; FIO
A proposed field test plan, 30 days prior to testing the installed system
No field test shall be perforned until the test plan is approved. The test
pl an shall consist of conplete field test procedures including tests to be
performed, test equi pnment required, and tol erance linits.
Test Reports; GA
Si x copies of the information described below in 215.9 by 279.4 mm bi nders
having a mnimumof three rings, including a separate section for each
test. Sections shall be separated by heavy plastic dividers with tabs.

a. A list of equipnent used, with calibration certifications.

b. A copy of neasurenents taken

c. The dates of testing.

d. The equi prent and val ues to be verified.

e. The condition specified for the test.

f. The test results, signed and dated.

g. A description of adjustnents nade.
Cabl e Installation Reports; GA.
Si x copies of the information described below in 215.9 by 279.4 mm bi nders
having a mnimum of three rings fromwhich material may readily be renoved
and replaced, including a separate section for each cable pull. Sections
shal | be separated by heavy plastic dividers with tabs, with all data
sheets signed and dated by the person supervising the pull.

a. Site layout drawing with cable pulls nunerically identified.

b. Alist of equipnent used, with calibration certifications. The
manuf acturer and quantity of |ubricant used on pull

c. The cable nmanufacturer and type of cable.
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d. The dates of cable pulls, tine of day, and anbient tenperature.
e. The length of cable pull and cal cul ated cable pulling tensions.
f. The actual cable pulling tensions encountered during pull.
SD-13 Certificates

Materi al s and Equi pnent; GA

Wiere materials or equipment are specified to conformto the standards of
the Underwriters Laboratories (UL) or to be constructed or tested, or both,
in accordance with the standards of the Anmerican National Standards
Institute (ANSI), the Institute of Electrical and El ectronics Engi neers

(I EEE), or the National Electrical Mnufacturers Association (NEMA), the
Contractor shall submit proof that the itens provided conformto such

requi renents. The label of, or listing by, UL will be acceptable as
evidence that the itens conform Either a certification or a published
catal og specification data statenent, to the effect that the itemis in
accordance with the referenced ANSI or | EEE standard, will be acceptable as
evi dence that the itemconforms. A sinmilar certification or published
catal og specification data statenent to the effect that the itemis in
accordance with the referenced NEMA standard, by a conpany listed as a
menber conpany of NEMA, will be acceptable as evidence that the item
confornms. In lieu of such certification or published data, the Contractor
may submit a certificate froma recogni zed testing agency equi pped and
conmpetent to performsuch services, stating that the itens have been tested
and that they conformto the requirements listed, including nethods of
testing of the specified agencies. Conpliance with above-naned

requi renents does not relieve the Contractor fromconpliance with any ot her
requi renents of the specifications.

Cable Installer Qualifications; FIO

The Contractor shall provide at |east one onsite person in a supervisory
position with a docunentable | evel of conpetency and experience to
supervise all cable pulling operations. A resune shall be provided show ng
the cable installers’ experience in the last three years, including a list
of references conplete with points of contact, addresses and tel ephone
numbers.

SD-19 Qperation And Mai ntenance Manual s
El ectrical Distribution System FIO

Si x copies of operation and mai ntenance manual s, within 7 cal endar days
followi ng the conpletion of tests and including assenbly, installation
operation and mai ntenance instructions, spare parts data which provides
supplier name, current cost, catal og order nunber, and a reconmended |i st
of spare parts to be stocked. Manuals shall also include data outlining
detail ed procedures for systemstartup and operation, and a troubl eshooting
gui de which |ists possible operational problens and corrective action to be
taken. A brief description of all equipnent, basic operating features, and
routi ne mai ntenance requirenents shall also be included. Docunents shal

be bound in a binder marked or identified on the spine and front cover. A
tabl e of contents page shall be included and narked with pertinent contract

i nformati on and contents of the manual. Tabs shall be provided to separate
different types of docunments, such as catal og ordering information,
drawi ngs, instructions, and spare parts data. |ndex sheets shall be

SECTI ON 16375 Page 11



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

provi ded for each section of the manual when warranted by the quantity of
docunent s included under separate tabs or dividers.

Three additional copies of the instructions manual shall be provided wthin
30 cal endar days followi ng the manual s.

1.4 DELI VERY, STORAGE, AND HANDLI NG

Devi ces and equi prent shall be visually inspected by the Contractor when
received and prior to acceptance from conveyance. Stored itens shall be
protected fromthe environment in accordance with the manufacturer’s
published instructions. Danmaged itens shall be replaced. G filled
transformers and switches shall be stored in accordance with the

manuf acturer’s requirenments. Wod poles held in storage for nore than 2
weeks shall be stored in accordance with ANSI C5.1. Handling of wood poles
shall be in accordance with ANSI b.1, except that pointed tools capable of
produci ng i ndentations nore than 25 mmin depth shall not be used. Mta
pol es shall be handl ed and stored in accordance with the manufacturer’s

i nstructions.

1.5 EXTRA MATERI ALS

One additional spare fuse or fuse elenment for each furnished fuse or fuse
el ement shall be delivered to the contracting officer when the electrica
systemis accepted. Two conplete sets of all special tools required for
mai nt enance shall be provided, conplete with a suitable tool box. Specia
tools are those that only the manufacturer provides, for special purposes
(to access conpartnents, or operate, adjust, or maintain special parts).

PART 2 PRODUCTS
2.1 STANDARD PRCDUCT

Mat eri al and equi pnent shall be the standard product of a manufacturer
regul arly engaged in the manufacture of the product and shall essentially
duplicate itens that have been in satisfactory use for at |least 2 years
prior to bid opening. Itens of the sane classification shall be identica
i ncludi ng equi pnent, assenblies, parts, and conponents.

2.2 NAVEPLATES
2.2.1 Cener a

Each maj or conponent of this specification shall have the manufacturer’s
nane, address, type or style, nodel or serial nunber, and catal og nunber on
a nanepl ate securely attached to the equiprnent. Naneplates shall be nade
of noncorrosive nmetal. Equipment containing liquid dielectrics shall have
the type of dielectric on the naneplate. Sectionalizer sw tch nanepl ates
shal |l have a schematic with all switch positions shown and | abeled. As a
m ni num nanepl ates shall be provided for transforners, circuit breakers
neters, sw tches, and switchgear.

2.2.2 Li quid-Filled Transformer Nanepl ates

Power transforners shall be provided with naneplate information in
accordance with | EEE ANSI/ | EEE C57.12.00. Naneplates shall indicate the
nurmber of liters and conposition of Iiquid-dielectric, and shall be
permanently marked with a statenent that the transformer dielectric to be
supplied is non-polychlorinated biphenyl. If transformer naneplate is not
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so marked, the Contractor shall furnish manufacturer’s certification for

each transforner that the dielectric is non-PCB classified, with |ess than 2
ppm PCB content in accordance with paragraph LI QU D DI ELECTRI CS

Certifications shall be related to serial nunbers on transforner

nanepl ates. Transformer dielectric exceeding the 2 ppm PCB content or

transfornmers without certification will be considered as PCB insul ated and

wi |l not be accepted.

2.3 CORROSI ON PROTECTI ON
2.3.1 Aumnum Materials

Al umi num shal |l not be used.
2.3.2 Ferrous Metal Materials
2.3.2.1 Har dwar e

Ferrous netal hardware shall be hot-dip galvanized in accordance with ASTM
A 153 and ASTM A 123.

2.3.2.2 Equi pnent

Equi prent and conponent itens, including but not linmted to transforner
stations and ferrous netal lumnaries not hot-dip gal vani zed or porcelain
enanel finished, shall be provided with corrosion-resistant finishes which
shal | withstand 120 hours of exposure to the salt spray test specified in
ASTM B 117 without |oss of paint or rel ease of adhesion of the paint prinmer
coat to the metal surface in excess of 1.6 mmfromthe test mark. The
scribed test mark and test evaluation shall be in accordance with ASTM D
1654 with a rating of not less than 7 in accordance with TABLE 1,
(procedure A). Cut edges or otherw se damaged surfaces of hot-dip

gal vani zed sheet steel or mill gal vani zed sheet steel shall be coated with
a zinc rich paint confornming to the manufacturer’s standard.

2.3.3 Fi ni shi ng
Painting required for surfaces not otherw se specified and finish painting
of itens only primed at the factory shall be as specified in Section 09900
PAI NTI NG, GENERAL.

2.4  CABLES
Cabl es shall be single conductor type unless otherw se indicated.

2.4.1 Medi um Vol t age Cabl es

2.4.1.1 Gener a
Cabl e construction shall be Type EXP, confornming to NFPA 70 and UL 1072
concentric neutral underground distribution cable conformng to AEIC CS5
and NEMA WC 7. Cables shall be manufactured for use in duct or direct
burial applications as indicated.

2.4.1.2 Rat i ngs

Cabl es shall be rated for a circuit voltage 15 kV.

2.4.1.3 Conductor WNMateria
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Under ground cabl es shall be soft drawn copper conplying with ASTM B 3 and
ASTM B 8 for regular concentric and conpressed stranding or ASTM B 496 for
conpact stranding or alum numalloy 1350, 3/4 hard nininum conplying with
ASTM B 609, ASTM B 609M and ASTM B 231 for regular concentric and
conpressed stranding or ASTM B 400 for conpacted strandi ng. Al um num
conductors shall only be used where indicated by the contract draw ngs.
2.4.1.4 I nsul ation
Cabl e insul ation shall be ethyl ene-propyl ene-rubber (EPR) insulation
conforming to the requirenents of NEMA WC 8 and AEI C CS6. A 133 percent
i nsul ation level shall be used on 15 kV rated cabl es.
2.4.1.5 Neutral s

Concentric neutrals conductors shall be tinned copper, having a conbi ned
anpacity 1/3 of the phase conductor anpacity rating.

2.4.1.6 Jacket s

Cabl es shall be provided with a PVC jacket. Direct buried cables shall be
rated for direct burial

2.4.2 Low Vol t age Cabl es
Cabl es shall be rated 600 volts and shall conformto the requirenents of
NFPA 70, and nust be UL listed for the application or neet the applicable
section of either | CEA or NEMA standards.

2.4.2.1 Conductor Materia

Under ground cabl es shall be anneal ed copper conplying with ASTM B 3 and
ASTM B 8. Intermi xing of copper and al umi num conductors is not pernitted.

2.4.2.2 I nsul ation
I nsul ation must be in accordance with NFPA 70, and nust be UL listed for
the application or neet the applicable sections of either | CEA or NEMA
st andar ds.

2.4.2.3 Jacket s
Mul ti conduct or cabl es shall have on overall PVC outer jacket.

2.4.2.4 Direct Buried
Single and multi-conductor cables shall of a type identified for direct
burial. Service entrance cables shall conformto UL 854 for Type USE
servi ce entrance cable.

2.4.2.5 I n Duct
Cabl es shall be single-conductor cable, in accordance with NFPA 70.

2.5 CABLE JO NTS, TERM NATI ONS, AND CONNECTCRS

2.5.1 Medi um Vol t age Separabl e I nsul at ed Connectors
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Separ abl e i nsul ated connectors shall conply with |EEE Std 386 and | EEE Std
592 and shall be of suitable construction or standard splice kits shall be
used. Separable insulated connectors are acceptable for voltages up to 35
kV. Connectors shall be of the | oadbreak type as indicated, of suitable
construction for the application and the type of cable connected.

Separ abl e i nsul ated connectors shall not be used as substitutes for
conventional permanent splices. External clanping points and test points
shal | be provided.

2.5.2 Low Vol t age Cabl e Splices

Lowvol tage cable splices and term nations shall be rated at not |ess than
600 Volts. Splices in conductors No. 10 AWG and snal |l er shall be made with
an insul ated, solderless, pressure type connector, conformng to the
applicable requirenments of UL 486A. Splices in conductors No. 8 AW and

| arger shall be made with noninsul ated, sol derl ess, pressure type
connector, confornming to the applicable requirenments of UL 486A and UL 486B
Splices shall then be covered with an insulation and jacket materia

equi val ent to the conductor insulation and jacket. Splices bel ow grade or
in wet |ocations shall be sealed type conformng to ANSI C119.1 or shall be

wat er proofed by a sealant-filled, thick wall, heat shrinkable,

t hernosetting tubing or by pouring a thernosetting resin into a nold that
surrounds the joined conductors.

2.5.3 Ter m nati ons

Term nations shall be in accordance with |EEE Std 48, Class 1 or O ass 2;
of the nol ded el astoner, wet-process porcelain, prestretched el astoner,
heat - shri nkabl e el astonmer, or taped type. Acceptable elastonmers are
track-resistant silicone rubber or track-resistant ethylene propyl ene
conpounds, such as ethyl ene propyl ene rubber or ethylene propyl ene di ene
nononer. Separabl e insul ated connectors nay be used for apparatus

term nati ons, when such apparatus is provided with suitable bushings.

Term nations shall be of the outdoor type, except that where installed

i nsi de out door equi pnent housi ngs which are seal ed agai nst nor nmal
infiltration of noisture and outside air, indoor, Class 2 termnations are
acceptable. Cass 3 terminations are not acceptable. Term nations, where
required, shall be provided with nounting brackets suitable for the

i ntended installation and with groundi ng provisions for the cable
shielding, nmetallic sheath, and arnor.

2.5.3.1 Factory Prefornmed Type
Mol ded el ast oner, wet-process porcelain, prestretched, and heat-shrinkable
term nations shall utilize factory prefornmed conponents to the naxi mum
extent practicable rather than tape build-up. Term nations shall have
basic inpulse levels as required for the system vol tage | evel

2.5.3.2 Taped Term nati ons
Taped terninations shall not be used.

2.6 CONDUI T AND DUCTS
Duct lines shall be concrete-encased, thin-wall type. Duct |ines shall be
concrete-encased, thin-wall type for duct |ines between nanhol es and for

ot her nediumvoltage |lines. Lowvoltage |lines or Conmmunication |ines run
el sewhere may be direct-burial, thick-wall type.
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2.6.1 Metal li c Conduit

Internediate netal conduit shall conply with UL 1242. Rigid gal vani zed
steel conduit shall conply with UL 6 and ANSI C80.1. Metallic conduit
fittings and outlets shall conply with UL 514A and NEMA FB 1.

2.6.2 Nonmet al I'i ¢ Ducts
2.6.2.1 Concrete Encased Ducts

UL 651 Schedule 40 or NEMA TC 6 Type EB.
2.6.2.2 Direct Buria

UL 651 Schedul e 40 or NEMA TC 6 Type DB
2.6.3 Conduit Seal i ng Conpound

Conmpounds for sealing ducts and conduit shall have a putty-like consistency
wor kabl e with the hands at tenperatures as |low as 2 degrees C shall neither
slump at a tenperature of 150 degrees C nor harden materially when exposed
to the air. Conpounds shall adhere to clean surfaces of fiber or plastic
ducts; netallic conduits or conduit coatings; concrete, masonry, or |ead;
any cabl e sheaths, jackets, covers, or insulation materials; and the common
nmetal s. Conpounds shall forma seal w thout dissolving, noticeably
changi ng characteristics, or renoving any of the ingredients. Conpounds
shal | have no injurious effect upon the hands of workmen or upon materials.

2.7 MANHCOLES, HANDHOLES, AND PULLBOXES

Manhol es, handhol es, and pul | boxes shall be as indicated. Strength of
manhol es, handhol es, and pul | boxes and their frames and covers shal
conformto the requirenents of |EEE C2. Precast-concrete manhol es shal
have the required strength established by ASTM C 478, ASTM C 478M  Franes
and covers shall be nade of gray cast iron and a machi ne-fini shed seat
shal|l be provided to ensure a nmatching joint between frane and cover. Cast
iron shall conply with ASTM A 48, Class 30B, mininum Handholes for |ow
voltage cables installed in parking lots, sidewal ks, and turfed areas shal
be fabricated from an aggregate consisting of sand and w th conti nuous
woven gl ass strands having an overall conpressive strength of at |east 69
MPa and a flexural strength of at least 34.5 MPa. Pullbox and handhol e
covers in sidewal ks, and turfed areas shall be of the sanme material as the
box. Concrete pullboxes shall consist of precast reinforced concrete
boxes, extensions, bases, and covers.

2.8 TRANSFORMERS AND SW TCHGEAR

Transfornmers and switchgear shall be of the outdoor type having the ratings
and arrangenents indicated. Mediumvoltage ratings of cable term nations
shal | be 15 kV between phases for 133 percent insulation |evel

2.8.1 Pad- Mount ed Transforners

Pad- nount ed dead front transforners shall conply with ANSI C57.12.26 and
shal|l be of the loop feed type. Pad-nounted transforner stations shall be
assenbl ed and coordi nated by one manufacturer and each transforner station
shal | be shipped as a conplete unit so that field installation requirenents
are limted to nmounting each unit on a concrete pad and connecting it to
primary and secondary lines. Stainless steel pins and hinges shall be
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provided. Barriers shall be provided between high- and | ow vol tage
conpartnents. High-voltage conpartnent doors shall be interlocked wth

| owvol tage conpartnent doors to prevent access to any hi gh-voltage section
unl ess its associated | owvoltage section door has first been opened.
Compartnents shall be sized to neet the specific di nensional requirenments
of ANSI C57.12.26. Pentahead |ocking bolts shall be provided wth

provi sions for a padl ock.

2.8.1.1 Hi gh- Vol t age Conpartnents

The hi gh-vol tage conpartment shall be dead-front construction. Primary
swi tching and protective devices shall include | oadbreak swtching

oil -imersed, current-limting, bayonet-type fuses, nedi umvoltage

separ abl e | oadbreak connectors, universal bushing wells and inserts or

i ntegral one piece bushings and surge arresters. Fuses shall conply with
the requirements of paragraph METERI NG AND PROTECTI VE DEVI CES. The switch
shal | be mounted inside transformer tank with switch operating handl e

| ocated in high-voltage conpartnent and equi pped with netal |oop for hook
stick operation. Fuses shall be interlocked with switches so that fuses
can be renoved only when the associated switch is in the "OPEN' position
Adj acent to medi umvol tage cabl e connections, a nameplate or equival ent
stencilled inscription shall be provided inscribed "DO NOT OPEN CABLE
CONNECTORS UNLESS SWTCH IS OPEN." Surge arresters shall be fully

i nsulated and configured to terninate on the sanme bushing as the primary
cabl e by neans of a |oadbreak, feed-through bushing insert.

2.8.1.2 Load- Break Swi tch

Loop feed sectionalizer switches: Provide three, two-position

oil -imersed type switches to permt closed transition |oop feed and
sectionalizing. Each switch shall be rated at 15 kV, 95 kV BIL, with a
continuous current rating and | oad-break rating of 200 anperes, and a

make- and-latch rating of 10,000 rns anperes symetrical. Locate the switch
handl e in the high-voltage conpartment. Operation of switches shall be as
fol |l ows:

ARRANGENMENT DESCRI PTI ON COF SW TCH PCSI TI ON
# SW TCH LINE A SW LI NE B SW XFMR SW
ARRANGENENT
1 Li ne A connected to CLCSE CLGCSE CLGCSE

Li ne B and both
| i nes connected to
transf or ner

2 Transf or mer connect ed CLCSE OPEN CLGCSE
to Line A only

3 Transf or mer connect ed OPEN CLGCSE CLGCSE
to Line B only

4 Transf ormer open and CLOSE CLOSE OPEN
| oop cl osed

5 Transf ormer open and OPEN OPEN OPEN

SECTI ON 16375 Page 17



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

ARRANGEMENT  DESCRI PTI ON OF SW TCH PCsI TI ON
# SW TCH LINE A SW LINE B SW XFMR SW
ARRANGENMENT
| oop open

2.8.1.3 Transf ormer Tank Secti ons

2.

2.

2.

Transforners shall conply with | EEE ANSI/| EEE C57. 12. 00, ANSI C57.12.21
and ANSI C57.12.26 and shall be of the mineral oil-insulated type.
Transforners shall be suitable for outdoor use and shall have 2 separate
wi ndi ngs per phase. Standard NEMA primary taps shall be provided. Were
primary taps are not specified, 4, 2-1/2 percent rated kVA hi gh-vol tage
taps shall be provided bel ow rated, primary voltage. Operating handles for
primary tap changers for de-energi zed operation shall be |ocated within
hi gh-vol t age conpartnents, externally to transformer tanks. Adjacent to
the tap changer operating handl e, a naneplate or equival ent stenciled
inscription shall be provided and inscribed "DO NOT OPERATE UNDER LQAD. "
Transfornmer ratings at 60 Hz shall be as foll ows:

Three-phase capacity....... ... i 500 kVA
I MpedanCe. . ... 4. 0%
Tenperature RiSe. .. ... 65 degrees C.
High-voltage winding........... ... ... . . .. 12,470 vol ts.
H gh-voltage winding connections............... ... ... 15 kV.
Lowvoltage wWinding.............. . i 480 volts.
Low voltage winding connections............... ... .oiueen... 600V.

.8.1.4 Low Vol t age Cabl e Conpartnents

Neutral s shall be provided with fully-insulated bushings. danp type cable
term nations, suitable for copper conductors entering frombelow, shall be
provi ded as necessary.

.8.1.5 Accessori es

H gh-vol tage warni ng signs shall be permanently attached to each side of
transformer stations. Voltage warning signs shall conply with | EEE C2.
Copper -faced steel or stainless steel ground connection pads shall be
provided in both the high- and | owvoltage conpartnents. Dial-type

t hernmoneter, liquid-Ilevel gauge, and drain valve with built-in sanpling
device shall be provided for each transforner station

| nsul at ed- bushi ng-type parki ng stands shall be provided adjacent to each
separ abl e | oad- break el bow to provide for cable isolation during
sectionalizing operations.

9 METERI NG AND PROTECTI VE DEVI CES
9.1 Circuit Breakers, Low Voltage

9.1.1 Low Vol t age Power Circuit Breakers
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a. Construction
Lowvol tage power circuit breakers shall conformto | EEE ANSI/I EEE C37. 13
ANSI C37.16, and NEMA SG 3 and shall be three-pole, single-throw, stored
energy, manually operated, with drawout nounting. Solid-state trip
el ements which require no external power connections shall be provided.
Circuit breakers shall have an open/close contact indicator, primary
di sconnect devices, and a nechanical interlock to prevent making or
breaki ng contact of prinmary di sconnections when the circuit breaker is
closed. Control voltage shall be 120 V ac. The circuit breaker enclosure
shall be suitable for its intended |ocation

b. Ratings
Vol tage ratings shall be not less than the applicable circuit voltage.
Circuit breakers shall be rated for 100 percent continuous duty and shal
have trip current ratings and franme sizes as shown. Nominal voltage
ratings, maxi num continuous-current ratings, and maxi nrum short-circuit
interrupting ratings shall be in accordance with ANSI C37.16. Tri pping
features shall be as follows:

1. Long-time current pick-up, adjustable from50 percent to 100
percent of sensor current rating.

2. Adjustable long-tinme del ay.

3. Short-time current pick-up, adjustable from1l.5 to 9 tines
long-tine current setting.

4. Adjustable short-tine del ay.

5. Instantaneous current pick-up, adjustable from1l.5 to 9 tines
long-tine current setting.

6. Adjustable ground-fault del ay.
7. Overload and short-circuit trip indicators shall be provided.
2.9.1.2 Mol ded- Case Circuit Breakers
NEMA AB 1 and UL 489.
2.9.2 Fuses, Low Voltage, Current-Limting
2.9.2.1 Cartridge Fuses
Cartridge fuses, current-limting type, dass J shall have tested
interrupting capacity not |ess than 100,000 anperes. Fuse hol ders shall be
the type that will reject O ass H fuses.
a. Class J fuses shall conformto UL 198C.

2.9.2.2 Transformer Circuit Fuses

Transformer circuit fuses shall be Class RKL or RK5, current-limting,
time-delay with 200,000 anperes interrupting capacity.

2.9.3 | nstrunent Transforners
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2.9.3.1 Cener a

I nstrument transformers shall conply with ANSI Cl12.11 and | EEE ANSI /| EEE
C57.13. Instrument transfornmers shall be configured for nounting in/on the
device to which they are applied. Polarity marks on instrunent
transforners shall be visually evident and shown on draw ngs.

2.9.3.2 Current Transforners

Unl ess ot herwi se indicated, bar, wound, or w ndowtype transforners are
acceptabl e; and except for wi ndowtype units installed over insulated
buses, transforners shall have a BIL rating consistent with the rated BIL
of the associated switchgear or electric power apparatus bushings, buses or
conductors. Current transformers shall have the indicated ratios. The
continuous thermal -current rating factor shall not be less than 1.5. Oher
thermal and mechani cal ratings of current transforners and their primary

| eads shall be coordinated with the design of the circuit breaker and shal
be not less than the nonentary rating of the associated circuit breaker
Circuit protectors shall be provided across secondary | eads of the current
transforners to prevent the accident open-circuiting of the transforners
whil e energized. Each terminal of each current transforner shall be
connected to a short-circuiting termnal block in the circuit interrupting
mechani sm cabi net, power transforner terminal cabinet, and in the

associ ated instrunent and rel ay cabi nets.

2.9.3.3 Current Transforners for Kwh and Demand Metering (Low Voltage)

Current transformers shall conformto | EEE ANSI/I EEE C57.13. Provide
current transformers with a nmetering accuracy Cass of 0.3 through .5, with
a mnimmRF of 4.0 at 30 degrees C, with 600-volt insulations, and 10 kV
BIL. Provide butyl-nol ded, w ndowtype current transforners nounted in the
current transforner cabinet.

2.9.4 \Watthour Meters
Wat t hour neters shall conply with Section 16415 ELECTRI CAL. WORK, | NTERI OR
2.10 SURGE ARRESTERS

Surge arresters shall conply with NEMA LA 1, |EEE C62.1, |EEE C62.2, and

| EEE C62. 11 and shall be provided where indicated. Arresters shall be
intermedi ate class, rated as shown. Arresters for use at elevations in
excess of 1.8 km above nean sea | evel shall be specifically rated for that
purpose. Arresters shall be equipped with nmounting brackets suitable for
the indicated installations. Arresters shall be of the valve or

net al - oxi de varistor or conbi nation val ve-netal -oxi de varistor type

2.11 GROUNDI NG AND BONDI NG
2.11.1 Driven Ground Rods

Ground rods shall be copper-clad steel conforming to UL 467 not |ess than
19 mmin dianeter by 3.1 min length. Sectional type rods may be used.

2.11.2 G oundi ng Conductors
Groundi ng conductors shall be bare, except where installed in conduit with

associ at ed phase conductors. |Insulated conductors shall be of the sane
mat eri al as phase conductors and green col or-coded, except that conductors
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shal|l be rated no nore than 600 volts. Bare conductors shall be ASTM B 8
soft-drawn unl ess otherw se indicated. Al unmnumis not acceptable.

2.12 CONCRETE AND REI NFORCEMENT

Concrete work shall have m ni mrum 20 MPa conpressive strength and conformto
the requirenents of Section 03300 CAST-| N PLACE STRUCTURAL CONCRETE
Concrete reinforcing shall be as specified in Section 03201 CONCRETE

REI NFORCEMENT.

2.13 CABLE FI REPROCFI NG SYSTEMS

Cabl e fireproofing systens shall be listed in FM P7825a as a
fire-protective coating or tape approved for grouped el ectrical conductors
and shall be suitable for application on the type of nediumvoltage cables
provided. After being fully cured, materials shall be suitable for use
where exposed to oil, water, gases, salt water, sewage, and fungus and
shal | not damage cable jackets or insulation. Asbhestos materials are not
accept abl e.

2.13.1 Fi reproof Coating

Cabl e fireproofing coatings shall be conpounded of water-based

t hernopl astic resins, flanme-retardant chemicals, and inorganic
nonconbustible fibers and shall be suitable for the application nethods
used. Coatings applied on bundled cables shall have a derating factor of

| ess than 5 percent, and a dielectric strength of 95 volts per m | m ninum
after curing.

2.13.2 Fi reproofing Tape

Fireproofing tape shall be at |least 50 nmw de and shall be a flexible,
conformabl e, polyneric, elastoner tape designed specifically for
fireproofing cables.

2.13.3 Pl astic Tape

Preapplication plastic tape shall be pressure sensitive, 0.254 nmthi ck,
conforming to UL 510.

2.14 LI QUI D DI ELECTRI CS

Liquid dielectrics for transforners, capacitors, reclosers, and other
liquid-filled electrical equipnent shall be non-polychlorinated bi phenyl
(PCB) mineral-oil or less-flammable liquid as specified. Nonflamrmable
fluids shall not be used. Tetrachl oroethylene (perchloroethylene) and 1,

2, 4 trichl orobenzene fluids shall not be used. Liquid dielectrics in
retrofitted equi pnment shall be certified by the manufacturer as having |ess
than 2 parts per mllion (ppm) PCB content. 1In lieu of the manufacturer’s
certification, the Contractor nay submt a test sanple of the dielectric in
accordance with ASTM D 923 and have tests perforned per ASTM D 4059 at a
testing facility approved by the Contracting Oficer. Equiprment with test
results indicating PCB | evel exceeding 2 ppmshall be replaced.

2.15 FACTORY TESTS
Factory tests shall be perforned, as follows, in accordance with the

applicabl e publications and with other requirenents of these
specifications. The Contracting Oficer shall be notified at | east 10 days
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before the equipnent is ready for testing. The Contracting Oficer
reserves the right to witness the tests.

a. Transformers: Manufacturer’s standard tests in accordance with
| EEE ANSI /| EEE C57.12. 00.

b. Transformers rated 200 kVA and above: Reduced full-wave,
chopped-wave, and full-wave inmpul se test on each |line and neutra
termnal, in accordance with | EEE ANSI/| EEE C57. 98.

c. Relaying Current Transformers: Manufacturer’'s standard tests in
accordance with | EEE ANSI /| EEE C57. 13.

d. Factory Preforned Termi nations: Wt withstand voltage tests in
accordance with IEEE Std 48 for the next higher BIL |evel.

e. Qutdoor Switchgear: Manufacturer’s standard tests in accordance
with | EEE ANSI /| EEE C37.20.1, |EEE ANSI/IEEE C37.20.2, and | EEE
ANSI / | EEE C37. 20. 3.

f. Electrical Power Insulators: Mnufacturer’'s standard tests in
accordance with ANSI C29. 1.

PART 3 EXECUTI ON
3.1 GENERAL | NSTALLATI ON REQUI REMENTS

Equi prent and devi ces shall be installed and energi zed in accordance with
the manufacturer’s published instructions. Steel conduits installed
underground shall be installed and protected fromcorrosion in conformance
with the requirenents of Section 16415 ELECTRI CAL WORK, | NTERI OR.  Except
as covered herein, excavation, trenching, and backfilling shall conformto
the requirenents of Section 02316 EXCAVATI ON, TRENCH NG AND BACKFI LLI NG
FOR UTI LI TIES SYSTEMS. Concrete work shall have ninimum 20 MPa conpressive
strength and conformto the requirenents of Section 03300 CAST-I| N PLACE
STRUCTURAL CONCRETE.

3.1.1 Conf or mance to Codes

The installation shall conply with the requirenments and recomendati ons of
NFPA 70 and | EEE C2 as applicabl e.

3.1.2 Verification of D mensions
The Contractor shall becone fanmiliar with details of the work, shall verify
dinensions in the field, and shall advise the Contracting Oficer of any
di screpancy before performng any work.

3.1.3 Di sposal of Liquid Dielectrics
PCB- cont ani nat ed di el ectrics nust be marked as PCB and transported to and
i nci nerated by an approved EPA waste disposal facility. The Contractor
shall furnish certification of proper disposal. Contam nated dielectrics
shall not be diluted to |ower the contamination |evel

3.2 CABLE AND BUSVAY | NSTALLATI ON

The Contractor shall obtain fromthe nmanufacturer an installation nanual or
set of instructions which addresses such aspects as cable construction
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i nsul ation type, cable dianmeter, bending radius, cable tenperature,

| ubricants, coefficient of friction, conduit cleaning, storage procedures,
noi sture seals, testing for and purging noisture, etc. The Contractor
shall then performpulling calculations and prepare a pulling plan which
shall be subnitted along with the manufacturers instructions in accordance
with SUBM TTALS.

3.2.1 Cable Installation Plan and Procedure

Cabl e shall be installed strictly in accordance with the cable

manuf acturer’s reconmendati ons. Each circuit shall be identified by nmeans
of a fiber, lam nated plastic, or non-ferrous netal tags, or approved
equal, in each manhol e, handhol e, junction box, and each termnal. Each
tag shall contain the follow ng information; cable type, conductor size,
circuit nunber, circuit voltage, cable destination and phase identification

3.2.1.1 Cabl e I nspection

The cable reel shall be inspected for correct storage positions, signs of
physi cal danmage, and broken end seals. |f end seal is broken, npisture
shal |l be renmoved from cable in accordance with the cable manufacturer’s
recomendat i ons.

3.2.1.2 Duct d eaning

Duct shall be cleaned with an assenbly that consists of a flexible mandre
(manufacturers standard product in |lengths recommended for the specific
size and type of duct) that is 6.4 mmless than inside dianeter of duct, 2
wire brushes, and a rag. The cleaning assenbly shall be pulled through
conduit a mininumof 2 times or until less than a volune of 131 cubic
centineters of debris is expelled fromthe duct.

3.2.1.3 Duct Lubrication

The cabl e lubricant shall be conpatible with the cable jacket for cable
that is being installed. Application of lubricant shall be in accordance
with lubricant manufacturer’s reconmendati ons.

3.2.1. 4 Cabl e I nstallation

The Contractor shall provide a cable feeding truck and a cable pulling

wi nch as required. The Contractor shall provide a pulling grip or pulling
eye in accordance with cable manufacturer’s recomendations. The pulling
grip or pulling eye apparatus shall be attached to pol ypropylene or manilla
rope followed by lubricant front end packs and then by power cables. A
dynanoneter shall be used to nmonitor pulling tension. Pulling tension

shal | not exceed cabl e manufacturer’s recomendati ons. The Contractor

shall not allow cables to cross over while cables are being fed into duct.
For cable installation in cold weather, cables shall be kept at 10 degrees C
tenperature for at |east 24 hours before installation

3.2.1.5 Cable Installation Plan
The Contractor shall submt a cable installation plan for all cable pulls
in accordance with the detail draw ngs portion of paragraph SUBM TTALS
Cable installation plan shall include:

a. Site layout drawing with cable pulls identified in numeric order
of expected pulling sequence and direction of cable pull
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3.

b. List of cable installation equipnent.
c. Lubricant nmanufacturer’s application instructions.

d. Procedure for resealing cable ends to prevent noisture from
entering cable.

e. Cable pulling tension calculations of all cable pulls.
f. Cable percentage conduit fill.
g. Cable sidewall thrust pressure.

h. Cable m ni mum bend radi us and ni ni mum di anmeter of pulling wheels
used.

i. Cable jamratio.

j. Maximum al l owabl e pulling tension on each different type and size
of conductor.

k. Maximum al l owabl e pulling tension on pulling device.
2.2 Duct Line

Cabl es shall be installed in duct lines where indicated. Cable splices in
| owvol tage cabl es shall be nade in nanhol es and handhol es only, except as
otherwi se noted. Cable joints in nmediumvoltage cables shall be made in
manhol es or approved pul | boxes only. Neutral and groundi ng conductors
shall be installed in the same duct with their associ ated phase conductors.

.2.3 El ectri c Manhol es

Cabl es shall be routed around the interior walls and securely supported
fromwalls on cables racks. Cable routing shall mninze cable crossover
provi de access space for maintenance and installation of additional cables,
and naintain cable separation in accordance with | EEE C2.

.2.4 Busway Installation

Busways penetrating walls shall have wall flanges installed on both
surfaces of walls. Wall openings shall be approximately 6.4 mmlarger than
t he busway on each of the 4 busway sides, and openings shall be sealed with
a suitable compound. Fire barriers shall be provided when penetrating fire
rated walls. Fire barriers shall have a rating equal to the fire wal
rating. A weather barrier shall be used when a busway penetrates an
exterior wall. Busways shall be supported at intervals not exceeding 3 m
and shall be braced to prevent |ateral novenent.

.3 CABLE JO NTS

Medi um vol tage cable joints shall be nade by qualified cable splicers only.
Qualifications of cable splicers shall be submitted in accordance with

par agraph SUBM TTALS. Shields shall be applied as required to continue the
shi el di ng system t hrough each entire cable joint. Shields may be
integrally nolded parts of preformed joints. Shields shall be grounded at
each joint or in accordance with manufacturer’s recomended practi ce.

Cabl e joints shall provide insulation and jacket equivalent to that of the
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associ ated cable. Arnored cable joints shall be enclosed in
conpound-filled, cast-iron or alloy, splice boxes equipped with stuffing
boxes and arnor clanps of a suitable type and size for the cabl e being

i nstall ed.

3.4 FI REPRCOFI NG

Each nedi um vol tage cabl e and conductor in nmanhol es shall be fire-proofed
for their entire length within the manhole. \Were cables and conductors
have been lubricated to enhance pulling into ducts, the lubricant shall be
renoved from cabl es and conductors exposed in the manhol e before
fireproofing. Fire-stops shall be installed in each conduit entering or

| eavi ng a nmanhol e.

3.4.1 Tape Met hod

Bef ore application of fireproofing tape, plastic tape wapping shall be
appl i ed over exposed netallic itens such as the cable ground wire, netallic
outer covering, or arnor to nmnimze the possibility of corrosion fromthe
fireproofing materials and noisture. Before applying fireproofing tape,
irregularities of cables, such as at cable joints, shall be evened out with
insulation putty. A flexible confornable polyneric elastomer fireproof
tape shall be wrapped tightly around each cable spirally in 1/2 | apped
wrapping or in 2 butt-jointed wappings with the second w appi ng coveri ng
the joints of the first.

3.4.2 Sprayabl e Met hod

Manhol es shall be power ventilated until coatings are dry and dewatered and
the coatings are cured. Ventilation requirenents shall be in accordance
with the manufacturer’s instruction, but not |less than 10 air changes per
hour shall be provided. Cable coatings shall be applied by spray, brush
or glove to a wet filmthickness that reduces to the dry filmthickness
approved for fireproofing by FM P7825a. Application nethods and necessary
saf ety precautions shall be in accordance with the nanufacturers
instructions. After application, cable coatings shall be dry to the touch
in1lto 2 hours and fully cured in 48 hours, except where the manufacturer
has stated that because of unusual humidity or tenperature, |onger periods
may be necessary.

3.5 DUCT LI NES
3.5.1 Requi renent s

Number s and sizes of ducts shall be as indicated. Duct lines shall be laid
with a mnimum sl ope of 100 nmper 30 m Depending on the contour of the
fini shed grade, the high-point may be at a terninal, a manhole, a handhol e,
or between manhol es or handhol es. Short-radi us manufactured 90-degree duct
bends nmay be used only for pole or equipnent risers, unless specifically
i ndi cated as acceptable. The m ni rum manuf actured bend radi us shall be 450
mm for ducts of less than 80 mmdianmeter, and 900 mm for ducts 80 nm or
greater in dianeter. Oherw se, |ong sweep bends having a ninimumradi us of
7.6 mshall be used for a change of direction of nore than 5 degrees,
either horizontally or vertically. Both curved and strai ght sections may
be used to formlong sweep bends, but the maxi mum curve used shall be 30
degrees and nmanufactured bends shall be used. Ducts shall be provided with
end bel s whenever duct lines terninate in nanhol es or handhol es.

3.5.2 Tr eat nent
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Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be nade with proper tools
and match factory tapers. A coupling recommended by the duct manufacturer
shal | be used whenever an existing duct is connected to a duct of different
material or shape. Ducts shall be stored to avoid warping and
deterioration with ends sufficiently plugged to prevent entry of any water
or solid substances. Ducts shall be thoroughly cl eaned before being Iaid.
Pl astic ducts shall be stored on a flat surface and protected fromthe
direct rays of the sun

3.5.3 Concr et e Encasenent

Ducts requiring concrete encasenents shall conply with NFPA 70, except that
el ectrical duct bank configurations for ducts 150 mmin dianeter shall be
determi ned by cal cul ati on and as shown on the drawi ngs. The separation

bet ween adj acent electric power and comruni cation ducts shall conformto

| EEE C2. Duct line encasenents shall be nonolithic construction. Were a
connection is made to a previously poured encasenent, the new encasenent
shal | be well bonded or doweled to the existing encasenent. The Contractor
shal | submt proposed bondi ng nethod for approval in accordance with the
detail drawi ng portion of paragraph SUBM TTALS. At any point, except
railroad and airfield crossings, tops of concrete encasenents shall be not
| ess than the cover requirenents listed in NFPA 70. At railroad and
airfield crossings, duct lines shall be encased with concrete and
reinforced as indicated to withstand specified surface |oadings. Tops of
concrete encasenents shall be not less than 1.5 mbelow tops of rails or
airfield paving unless otherw se indicated. Were ducts are jacked under
exi sting pavenment, rigid steel conduit will be installed because of its
strength. To protect the corrosion-resistant conduit coating, predrilling
or installing conduit inside a larger iron pipe sleeve (jack-and-sleeve) is
required. For crossings of existing railroads and airfield pavenents
greater than 15 min length, the predrilling method or the jack-and-sleeve
met hod will be used. Separators or spacing bl ocks shall be made of steel
concrete, plastic, or a conbination of these materials placed not farther
apart than 1.2 mon centers. Ducts shall be securely anchored to prevent
novenent during the placenent of concrete and joints shall be staggered at
| east 150 nmvertically.

3.5.4 Nonencased Direct-Buria

Top of duct lines shall be below the frost |ine depth of 457 nm but not

| ess than 915 mm bel ow fi ni shed grade and shall be installed with a m ni mum
of 75 mm of earth around each duct, except that between adjacent electric
power and communi cation ducts, 300 mm of earth is required. Bottons of
trenches shall be graded toward manhol es or handhol es and shall be snooth
and free of stones, soft spots, and sharp objects. Were bottons of
trenches conprise materials other than sand, a 75 nmm |l ayer of sand shall be
laid first and conpacted to approximate densities of surrounding firm soi
before installing ducts. Joints in adjacent tiers of duct shall be
vertically staggered at leastl 50 mm The first 150 nm |l ayer of backfil
cover shall be sand conpacted as previously specified. The rest of the
excavation shall be backfilled and conpacted in 75 to 150 nm | ayers. Duct
banks nmay be held in alignnment with earth. However, high-tiered banks
shal |l use a wooden frane or equivalent formto hold ducts in alignnent
prior to backfilling.

3.5.5 Install ation of Couplings
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Joints in each type of duct shall be nmade up in accordance with the
manuf acturer’s recommendati ons for the particular type of duct and coupling
sel ected and as approved.

3.5.5.1 Pl astic Duct

Duct joints shall be nade by brushing a plastic solvent cenent on insides
of plastic coupling fittings and on outsides of duct ends. Each duct and
fitting shall then be slipped together with a quick 1/4-turn twist to set
the joint tightly.

3.5.6 Duct Line Markers

Duct line markers shall be provided at the ends of |ong duct |ine stubouts
or for other ducts whose |ocations are indeterm nate because of duct
curvature or termnations at conpletely bel owgrade structures. In

addition to markers, a 0.127 mmbrightly colored plastic tape, not |ess than
75 mmin width and suitably inscribed at not nore than 3 mon centers with
a continuous netallic backing and a corrosion-resistant 0.0254 mmnetallic

foil core to permt easy |location of the duct line, shall be placed

approxi mately 300 mm bel ow fi ni shed grade | evels of such lines.

3.6 MANHOLES, HANDHOLES, AND PULLBOXES
3.6.1 Cener a

Manhol es shall be constructed approxi mately where shown. The exact

| ocation of each manhol e shall be deternined after careful consideration
has been given to the location of other utilities, grading, and paving.
The | ocation of each manhol e shall be approved by the Contracting Oficer
before construction of the manhole is started. WManholes shall be the type
noted on the drawi ngs and shall be constructed in accordance with the
applicable details as indicated. Top, walls, and bottom shall consist of
reinforced concrete. Walls and bottom shall be of nonolithic concrete
construction. The Contractor may at his option utilize nonolithically
constructed precast-concrete manhol es having the required strength and

i nsi de dinmensions as required by the drawi ngs or specifications. |In paved
areas, franes and covers for manhol e and handhol e entrances in vehicul ar
traffic areas shall be flush with the finished surface of the paving. In

unpaved areas, the top of manhol e covers shall be approxinmately 15 nm above
the finished grade. \Where existing grades that are higher than finished
grades are encountered, concrete assenblies designed for the purpose shal
be installed to elevate tenporarily the nmanhol e cover to existing grade
level. Al duct lines entering nanholes nust be installed on conpact soi
or otherw se supported when entering a nmanhole to prevent shear stress on
the duct at the point of entrance to the nanhole. Duct lines entering
cast-in-place concrete manhol es shall be cast in-place with the manhol e.
Duct lines entering precast concrete nmanhol es through a precast knockout
penetration shall be grouted tight with a portland cenent nortar. PVC duct
lines entering precast nanhol es through a PVC endbell shall be sol vent

wel ded to the endbell. A cast metal grille-type sunp frame and cover shal
be installed over the manhole sunp. A cable-pulling iron shall be
installed in the wall opposite each duct |ine entrance.

3.6.2 El ectric Manhol es
Cabl es shall be securely supported fromwalls by hot-dip gal vani zed cabl e

racks with a plastic coating over the gal vani zi ng and equi pped with
adj ust abl e hooks and insulators. The nunber of cable racks indicated shal
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be installed in each manhol e and not |ess than 2 spare hooks shall be
installed on each cable rack. Insulators shall be made of high-glazed
porcelain. Insulators will not be required on spare hooks.

3.6.3 Communi cati ons Manhol es

The nunber of hot-dip gal vani zed cable racks with a plastic coating over
the gal vani zing indicated shall be installed in each tel ephone manhol e.
Each cable rack shall be provided with 2 cable hooks. Cables for the

t el ephone and commruni cation systens will be installed by others.

3.6.4 Handhol es

Handhol es shall be | ocated approxi mately as shown. Handhol es shall be of
the type noted on the drawi ngs and shall be constructed in accordance with
the details shown.

3.6.5 Pul | boxes

Pul | box tops shall be flush with sidewal ks or curbs or placed 15 nm above
surroundi ng grades when renote from curbed roadways or sidewal ks. Covers
shal | be marked "Low Vol tage" and provided with 2 lifting eyes and 2

hol d-down bolts. Each box shall have a suitable opening for a ground rod.
Conduit, cable, ground rod entrances, and unused openi ngs shall be seal ed
with nortar.

3.6.6 G ound Rods

A ground rod shall be installed at the manhol es, handhol es and pul | boxes.
Gound rods shall be driven into the earth before the manhole floor is
poured so that approximately 100 nm of the ground rod will extend above the
manhol e floor. Wen precast concrete manhol es are used, the top of the
ground rod may be bel ow the nmanhole floor and a No. 1/0 AWG ground
conductor brought into the manhol e through a watertight sleeve in the
manhol e wal | .

3.7 PAD- MOUNTED EQUI PMENT | NSTALLATI ON

Pad- nount ed equi prent, shall be installed on concrete pads in accordance
wi th the manufacturer’s published, standard installation draw ngs and
procedures, except that they shall be nodified to neet the requirenents of
this docunent. Units shall be installed so that they do not damage

equi pnent or scratch painted or coated surfaces. After installation
surfaces shall be inspected and scratches touched up with a paint or
coating provided by the manufacturer especially for this purpose.

Thr ee- phase transformers shall be installed with ABC phase sequence.

3.7.1 Concr et e Pads
3.7.1.1 Construction

Concrete pads for pad-nounted el ectrical equi pnent shall be

pour ed-in-place. Pads shall be constructed as indicated, except that exact
pad di nensions and nounting details are equi pnent specific and are the
responsibility of the Contractor. Tops of concrete pads shall be |level and
shal | project 100 mm above fini shed paving or grade and sl oped to drain.
Edges of concrete pads shall have 20 mm chanfer. Conduits for primary,
secondary, and groundi ng conductors shall be set in place prior to

pl acement of concrete pads. Were grounding el ectrode conductors are
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installed through concrete pads, PVC conduit sleeves shall be installed
through the concrete to provide physical protection. To facilitate cable
installation and term nation, the concrete pad shall be provided with a
rectangul ar hole below the primary and secondary conpartnments, sized in
accordance with the manufacturer’s recommended di mensions. Upon conpl etion
of equi pnent installation the rectangular hole shall be filled with masonry
grout.

3.7.1.2 Concrete and Rei nforcement

Concrete work shall have nini mum 20 MPa conpressive strength and conformto
the requirenents of Section 03300 CAST-| N PLACE STRUCTURAL CONCRETE
Concrete pad reinforcenent shall be in accordance with Section 03201
CONCRETE REI NFORCEMENT

3.7.1.3 Seal i ng

When the installation is conplete, the Contractor shall seal all conduit
and other entries into the equi pnent enclosure with an approved sealing
conpound. Seals shall be of sufficient strength and durability to protect
all energized live parts of the equi pment fromrodents, insects, or other
foreign matter.

3.8 CONNECTI ONS BETWEEN AERI AL AND UNDERGROUND SYSTEMS

Connecti ons between aerial and underground systens shall be made as shown.
Under ground cabl es shall be extended up poles in conduit to cable
term nations. Conduits shall be secured to the poles by 2-hole gal vani zed
steel pipe straps spaced not nore than 3 mapart and with 1 strap not nore
than 300 mm from any bend or term nation. Cable guards shall be secured to
poles in accordance with the manufacturer’s published procedures. Conduits
shal | be equi pped with bushings to protect cables and mnim ze water entry.
Capnut pot heads shall be used to term nate nmedi um vol tage
mul ti pl e-conductor cable. Cables shall be supported by devices separate
fromthe conduit or guard, near their point of exit fromthe conduit or
guard.

3.9 CONNECTI ONS TO BUI LDI NGS

Cabl es shall be extended into the various buildings as indicated, and shal
be connected to the first applicable ternination point in each building.
Interfacing with building interior conduit systens shall be at conduit
stubouts termnating 1.5 moutside of a building and 600 nm bel ow fi ni shed
grade as specified and provi ded under Section 16415 ELECTRI CAL WORK

I NTERIOR. After installation of cables, conduits shall be sealed with
caul ki ng conmpound to prevent entrance of npisture or gases into buil dings.

3.10 GROUNDI NG

A ground mat consisting of the indicated configuration of bare copper
conductors and driven ground rods shall be installed under pad-nmounted

equi prent as shown. Equi prent franmes of netal-encl osed equi pnent, and

ot her noncurrent-carrying netal parts, such as cable shields, cable sheaths
and arnor, and netallic conduit shall be grounded. At l|east 2 connections
shal|l be provided froma transforner, to the ground nmat. Metallic franes
and covers of handhol es and pull boxes shall be grounded by use of a

brai ded, copper ground strap with equivalent anpacity of No. 6 AWG

3.10.1 Groundi ng El ectrodes
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Groundi ng el ectrodes shall be installed as shown on the drawi ngs and as
fol |l ows:

a. Driven rod electrodes - Unless otherw se indicated, ground rods
shall be driven into the earth until the tops of the rods are
approxi mately 300 mm bel ow fi ni shed grade.

b. Gound mat - A ground nmat shall be installed as shown consisting
of bare copper conductors installed 450 nm plus or mnus 75 nm
bel ow the finished top of soil grade. Mat conductors shall be
bonded to all rod electrodes, electrolytic electrodes, and to al
other intersecting mat conductors. Mat conductors shall be sized
as shown on the draw ngs.

c. Additional electrodes - Wen the required ground resistance is not
net, additional electrodes shall be provided interconnected with
groundi ng conductors to achieve the specified ground resistance.
The additional electrodes will be up to three, 2.4 mrods spaced a
m nimum of 3 mapart. In high ground resistance, UL |listed
chemi cally charged ground rods may be used. |If the resultant
resi stance exceeds 25 ohns neasured not |ess than 48 hours after
rainfall, the Contracting O ficer shall be notified inmrediately.

3.10.2 Groundi ng and Bondi ng Connecti ons

Connecti ons above grade shall be made by the fusion-welding process or with
bol ted sol derl ess connectors, in conpliance with UL 467, and those bel ow
grade shall be made by a fusion-welding process. Were grounding
conductors are connected to al um num conposition conductors, specially
treated or |ined copper-to-alum num connectors suitable for this purpose
shal | be used.

3.10.3 G oundi ng and Bondi ng Conductors

Groundi ng and bondi ng conductors include conductors used to bond
transforner enclosures and equi pnent franes to the grounding el ectrode
system G oundi ng and bondi ng conductors shall be sized as shown, and

| ocated to provide maxi num physical protection. Bends greater than 45
degrees in ground conductors are not permtted. Routing of ground
conductors through concrete shall be avoided. When concrete penetration is
necessary, nonnetallic conduit shall be cast flush with the points of
concrete entrance and exit so as to provide an opening for the ground
conductor, and the opening shall be sealed with a suitable conpound after
installation.

3.10.4 Surge Arrester G ounding

Surge arresters and neutrals shall be bonded directly to the transforner
encl osure and then to the grounding el ectrode systemw th a bare copper
conductor, sized as shown. Lead |Iengths shall be kept as short as
practicable with no kinks or sharp bends.

3.10.5 Manhol e, Handhol e, or Concrete Pull box G ounding
Ground rods installed in nanhol es, handhol es, or concrete pullboxes shal
be connected to cable racks, cable-pulling irons, the cable shielding,

netallic sheath, and arnor at each cable joint or splice by means of a No.
4 AWG brai ded tinned copper wire. Connections to nmetallic cable sheaths
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shal | be by neans of tinned termnals soldered to ground wires and to cable
sheaths. Care shall be taken in soldering not to danage netallic cable
sheaths or shields. Gound rods shall be protected with a doubl e w appi ng
of pressure-sensitive plastic tape for a distance of 50 nm above and 150 mMm
bel ow concrete penetrations. Gounding electrode conductors shall be
neatly and firmy attached to manhol e or handhole walls and the anpunt of
exposed bare wire shall be held to a m ni num

3.10.6 Metal Splice Case Grounding

Metal splice cases for nediumvoltage direct-burial cable shall be grounded
by connection to a driven ground rod | ocated within 600 mm of each splice
box using a groundi ng el ectrode conductor having a current-carrying
capacity of at |east 20 percent of the individual phase conductors in the
associ ated splice box, but not |Iess than No. 6 AWG

3.10.7 Ri ser Pol e G ounding

A single continuous vertical grounding electrode conductor shall be
installed on each riser pole and connected directly to the grounding

el ectrodes indicated on the drawings or required by these specifications.
Al'l equi pnrent, neutrals, surge arresters, and itens required to be grounded
shal | be connected directly to this vertical conductor. The grounding

el ectrode conductor shall be sized as shown. G ounding el ectrode
conductors shall be stapled to wood poles at intervals not exceeding 600 mm

3.11 FI ELD TESTI NG
3.11.1 CGener a

Field testing shall be perforned in the presence of the Contracting

O ficer. The Contractor shall notify the Contracting O ficer 10 days prior
to conducting tests. The Contractor shall furnish all naterials, |abor

and equi pnent necessary to conduct field tests. The Contractor shal
performall tests and inspections recomended by the manufacturer unless
specifically waived by the Contracting Oficer. The Contractor shal
maintain a witten record of all tests which includes date, test perforned,
personnel involved, devices tested, serial nunber and nane of test

equi prent, and test results. Field test reports shall be signed and dated
by the Contractor

3.11.2 Safety

The Contractor shall provide and use safety devices such as rubber gl oves,
protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equi pnent which
are damaged due to inproper test procedures or handling.

3.11.3 Ground- Resi stance Tests

The resistance of each groundi ng el ectrode shall be neasured using the
fall-of-potential nethod defined in | EEE Std 81. G ound resistance
neasurenents shall be made before the electrical distribution systemis
energi zed and shall be nmade in nornmally dry conditions not |ess than 48
hours after the last rainfall. Resistance neasurenents of separate
groundi ng el ectrode systens shall be nmade before the systens are bonded

t oget her bel ow grade. The conbi ned resi stance of separate systens nmay be
used to neet the required resistance, but the specified nunber of

el ectrodes nust still be provided.
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a. Miltiple rod electrodes - 5 ohns.
b. Gound mat - 5 ohns.
3.11. 4 Medi um Vol t age Cabl e Test

After installation and before the operating test or connection to an

exi sting system the nmediumvoltage cable systemshall be given a high
potential test. Direct-current voltage shall be applied on each phase
conduct or of the system by connecting conductors as one termni nal and
connecting grounds or netallic shieldings or sheaths of the cable as the
other termnal for each test. Prior to nmaking the test, the cables shal
be isol ated by opening applicable protective devices and di sconnecti ng
equi prent. The test shall be conducted with all splices, connectors, and
term nations in place. The nethod, voltage, length of tinme, and other
characteristics of the test for initial installation shall be in accordance
with NEMA WC 7 or NEMA WC 8 for the particular type of cable installed,
except that 28 kV and 35 kV insulation test voltages shall be in accordance
with either AEIC CS5 or AEIC CS6 as applicable, and shall not exceed the
recomendations of |EEE Std 404 for cable joints and | EEE Std 48 for cable
term nations unless the cable and accessory manufacturers indicate higher
vol tages are acceptable for testing. Should any cable fail due to a
weakness of conductor insulation or due to defects or injuries incidental
to the installation or because of inproper installation of cable, cable
joints, termnations, or other connections, the Contractor shall nake
necessary repairs or replace cables as directed. Repaired or replaced
cabl es shall be retested.

3.11.5 Low Vol t age Cabl e Test
Lowvol tage cable, conplete with splices, shall be tested for insulation
resistance after the cables are installed, in their final configuration
ready for connection to the equipnent, and prior to energization. The test
vol tage shall be 500 volts dc, applied for one mnute between each
conductor and ground and between all possible conbinations conductors in
the sanme trench, duct, or cable, with all other conductors in the sane
trench, duct, or conduit. The mininmumvalue of insulation shall be:

Each cable failing this test shall be repaired or replaced. The repaired
cable shall be retested until failures have been elini nated.

3.11.6 Liquid-Filled Transformer Tests

The following field tests shall be perfornmed on all liquid-filled
transforners. Pass-fail criteria shall be in accordance with transfornmer
manuf acturer’s specifications.

a. Insulation resistance test phase-to-ground.

b. Turns ratio test.

c. Correct phase sequence.

d. Correct operation of tap changer

3.11. 7 Circuit Breaker Tests

The following field tests shall be perforned on circuit breakers.
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Pass-fail criteria shall be in accordance with the circuit breaker
manuf acturer’s specifications.

a. Insulation resistance test phase-to-phase.
b. Insulation resistance test phase-to-ground.
c. Cosed breaker contact resistance test.
d. Power factor test.
e. High-potential test.
f. Manual operation of the breaker

3.11.8 Protective Rel ays

Protective relays shall be visually and nechanically inspected, adjusted,
tested, and calibrated in accordance with the nmanufacturer’s published
instructions. Tests shall include pick-up, timng, contact action
restraint, and other aspects necessary to ensure proper calibration and
operation. Relay settings shall be inplenmented in accordance with the
coordi nation study. Relay contacts shall be manually or electrically
operated to verify that the proper breakers and alarns initiate. Relaying
current transfornmers shall be field tested in accordance with | EEE
ANSI / | EEE C57. 13.

3.11.9 Pre- Energi zati on Services

Calibration, testing, adjustnent, and placing into service of the
installation shall be acconplished by a manufacturer’s product field

servi ce engi neer or independent testing conpany with a mni numof 2 years
of current product experience. The follow ng services shall be perforned
on the equipment listed below. These services shall be perforned
subsequent to testing but prior to the initial energization. The equi pnent
shal |l be inspected to ensure that installation is in conpliance with the
recommendati ons of the manufacturer and as shown on the detail draw ngs.
Term nations of conductors at mmjor equi pnent shall be inspected to ensure
t he adequacy of connections. Bare and insul ated conductors between such
term nations shall be inspected to detect possible damage during
installation. |If factory tests were not performed on conpleted assenblies,
tests shall be perforned after the installation of conpleted assenblies.
Conmponents shall be inspected for damage caused during installation or

shi pnent to ensure packagi ng materials have been renobved. Conponents
capabl e of being both nmanually and el ectrically operated shall be operated
manual ly prior to the first electrical operation. Conponents capabl e of
being calibrated, adjusted, and tested shall be calibrated, adjusted, and
tested in accordance with the instructions of the equi pnment manufacturer
Itens for which such services shall be provided, but are not limted to,
are the foll ow ng:

a. Secondary unit substation
b. Pad-nmounted transformers
c. Panel boards

d. Swi tchboards
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e. Metal-enclosed sw tchgear
f. Busways
g. Switches

3.11.10 Qperating Tests

After the installation is conpleted, and at such tinmes as the Contracting
Oficer may direct, the Contractor shall conduct operating tests for
approval . The equi pnent shall be denmponstrated to operate in accordance
with the requirenents herein. An operating test report shall be subnitted
in accordance with paragraph SUBM TTALS.

3.12 MANUFACTURER S FI ELD SERVI CE
3.12.1 Onsite Training

The Contractor shall conduct a training course for the operating staff as
designated by the Contracting O ficer. The training period shall consist
of a total of 8 hours of normal working time and shall start after the
systemis functionally conpleted but prior to final acceptance tests. The
course instruction shall cover pertinent points involved in operating,
starting, stopping, and servicing the equipnent, as well as all major

el ements of the operation and nai ntenance manuals. Additionally, the
course instructions shall denonstrate all routine nmintenance operations.
A VHS format video tape of the entire training session shall be subnitted.

3.12.2 Installation Engi neer

After delivery of the equi pnent, the Contractor shall furnish one or nore
field engineers, regularly enployed by the equi pnent nanufacturer to
supervi se the installation of the equipnent, assist in the performance of
the onsite tests, initial operation, and instruct personnel as to the
operational and mai ntenance features of the equipnent.

3.13  ACCEPTANCE
Fi nal acceptance of the facility will not be given until the Contractor has
successfully conpleted all tests and after all defects in installation
mat eri al or operation have been corrected.

-- End of Section --
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SECTI ON 16410

AUTOVATI C TRANSFER AND BY- PASS/ | SOLATI ON SW TCHES

PART 1 GENERAL

1

1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.
| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE ANSI/ | EEE C37.90.1 (1989; R 1994) |EEE Standard Surge
Wthstand Capability (SWC) Tests for
Protective Rel ays and Rel ay Systens
NATI ONAL ELECTRI CAL MANUFACTURERS ASSCCI ATI ON ( NEMR)
NEVA I CS 1 (1993) Industrial Controls and Systens
NENVA | CS 2 (1993) Industrial Control and Systens
Controllers, Contactors, and Overl oad
Rel ays Rated Not More Than 2,000 Volts AC
or 750 Volts DC

NEVA | CS 4 (1993) Industrial Control and Systens
Term nal Bl ocks

NEMVA | CS 6 (1993) Industrial Control and Systens
Encl osur es

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)

NFPA 70 (1999) National Electrical Code

NFPA 110 (1999) Energency and Standby Power Systens
UNDERWRI TERS LABORATORI ES (UL)

UL 1008 (1989; R Sep 97) Transfer Switch Equi pnent

.2 GENERAL REQUI REMENTS

. 2.1 St andard Product

Mat eri al and equi pnent shall be a standard product of a manufacturer

regul arly engaged in the manufacture of the product and shall essentially
duplicate itens that have been in satisfactory use for at |least 2 years
prior to bid opening. The experience use shall include applications of
equi pnent and materials under simlar circunstances and of the sane design
and rating as the switches specified. Equipnment itens shall be capabl e of
bei ng serviced by an organi zation that is, in the opinion of the
Contracting Oficer, reasonably convenient to the site.
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1.2.2 Namepl at es

Namepl ates shall be made froma corrosion-resistant netal with not |ess than
6.4 mmtall raised or engraved characters. The naneplate shall be nounted
to the front of the enclosure and shall conply with naneplate requirenents
covered by NEMA | CS 2.

1.3 SUBM TTALS

CGovernnent approval is required for subnmittals with a "GA" desi gnation
submittals having an "FI O' designation are for information only. The
followi ng shall be submtted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 04 Dr awi ngs
Swi t ches; GA.

A one-line diagramof each ATS and BP/ IS assenbly and el enentary, or

schematic, and wiring diagramof the unit. An interface equi pnent

connection diagram showing all conduit and wiring between the ATS and BP/IS

and all other related equipnent. Device and nanepl ate nunbers and item

nunbers shown on the list of equipment and material shall appear on

drawi ngs wherever the item of equipnent or material appears. The one-line

di agram shal | show i nterl ocki ng provisions and cautionary notes, if any.

Operating instructions shall be shown on the one-line diagram or

separately, at the discretion of the Contractor. The manufacturer’s

approved operating instructions for the ATS shall be laminated in plastic

and pernmanently secured to the cabinet where the operator can see them

The one-line and el enentary or schematic diagramshall be lamnated in

pl astic and permanently secured to the inside of the front encl osure door

Operating instructions for the BP/IS shall be located as required by UL 1008.
Unl ess ot herwi se approved, the one-line and elenentary or schematic

di agrans shall appear on the sanme draw ng.

SD- 07 Schedul es
Materi al, Equi pment, and Fi xture Lists; GA

A complete list of equipnent and material proposed, containing an adequate
description of each separate item of equipnent or material recomended.

SD-09 Reports
Tests; GA
Certified factory and field test reports, within 14 days foll ow ng
conpletion of the tests. Reports shall be certified and dated and shal
denonstrate that the tests were successfully conpleted prior to shiprment of
t he equi pnent.

SD-13 Certificates
Equi prent and Materials; GA
Evi dence of a UL listing, or conformance with applicabl e NEMA st andards.

Certificates of conpliance will be accepted as proof of conpliance when
equi prent or nmaterials are required to conformto UL standards or to be
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manuf actured and/ or tested by NEMA standards. Such certificates are not
required if manufacturer’s published data, submtted and approved, reflect
a UL listing or confornmance with applicable publications of NEMA. Proof of
the listing by UL and conformance with the applicable publications, of NEMA
do not relieve the Contractor of conpliance with other provisions of these
speci fications.

Swi t chi ng Equi pnent; GA

Proof of listing by UL sufficient to denonstrate that the ATS with BP/IS
conformto the specified requirenents except as otherw se specified.
Modification to a forner UL listed ATS with BP/I'S nodel shall require
written UL approval of the nodification. A copy of the witten UL approva
for nodifications shall be included with the certified test reports
specified. In lieu of the proof of listing by UL, the Contractor nay have
identical tests required by UL 1008 and by NEMA I CS 2 performed by a
nationally recogni zed i ndependent testing |laboratory. UL and NEMA or ot her
certified test reports shall be included to denobnstrate the sequence of

| aboratory testing and that the overload, endurance, and tenperature rise
tests were conducted in that specific sequence of tests. The certified
test reports shall show the date, tinmes and duration of the overl oad,
endurance, and tenperature tests, and that the unit under test was not
de-energi zed during the test sequence. Ot her tests shall be conducted in

t he sequence shown in paragraph TESTI NG unl ess ot herwi se justified and
approved. Certified test reports shall also be included to denpbnstrate
conpliance with the withstand rating specified or shown, and shall be
acconpani ed by oscillographic traces of phase current and |line-to-neutra
voltages. These traces shall denobnstrate that the main and neutra
contacts did not separate and were not danaged during the withstand test.
The certified test reports fromthe testing |aboratory shall be signed by
the person perfornmng the test and an authorized representative of the
testing laboratory. The report shall verify that the ATS with BP/IS was
tested in accordance with procedures described in UL 1008, or as otherw se
specified and are of the sane nobdel nunber and anpacity as the switches
specified. The test report shall verify that the tested unit passed all
tests without nodification or repair during a test period of not nore than
90 days. The 90-day period does not include the tine required to perform
addi tional testing necessary to denonstrate conpliance with the withstand
rating provisions of these specifications.

1.4 OPERATI ON AND MAI NTENANCE MANUALS

Si x copi es of sw tching equi pment operating manual outlining the
step-by-step procedures required for systemstartup, operation and shutdown
shal | be provided. The manuals shall include the nmanufacturer’s nane,

nodel nunber, service manual, parts list, and brief description of al

equi prent and basic operating features. The manufacturer’s spare parts
data shall be included in the nanuals and correlated with the respective
item of equi pnent included as a conponent part of the switch assenbly.
Spare parts data shall include the recommended spare parts published by the
manuf acturer of the equipnent. The source of supply and the current cost
of recommended spare parts shall be indicated. Six conplete copies of

mai nt enance manual |isting routine nmaintenance, possible breakdowns,
repairs and troubl eshooting guide shall be provided. The nmanual s shal
include sinplified wiring and control diagrans for the systemas install ed.
One copy of all maintenance manual s shall be provided electronically on CD.

PART 2 PRCODUCTS
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2.1 AUTOVATI C TRANSFER SW TCH ( ATS)

ATS shall be the electrically-operated type that is mechanically held in
both operating positions. ATS shall be suitable for use in standby systens
described in NFPA 70. ATS shall be UL listed unless the Contractor retains
a nationally recogni zed i ndependent testing |aboratory to conduct tests as
specified in paragraph SUBM TTALS, and test reports are approved as being
equi val ent of test results and certified test reports as those detern ned
and reported by UL. ATS shall be the electrically-operated contactor type
whi ch shall be manufactured and tested in accordance with applicable
requi renents of | EEE ANSI/IEEE C37.90.1, NEMA ICS 1, NEMA ICS 2, and UL 1008
ATS shall also conformto NFPA 110 except that the ATS shall not be
equi pped with either overload or fault current protective devices. ATS
shal | be designed and manufactured to prevent stops in an internediate or
neutral position during transfer by the use of electrical actuators and
stored- energy nechanisns. ATS designed and manufactured to effect
transfers by a wal ki ng-beam or a sinilar device to engage handl es of
circuit breakers to acconplish transfer between power sources are
unacceptable. Each pole of the doubl ethrow ATS shall have separate
contacts of a nonwelding type with switch contacts installed to permt
viewi ng of the contacts wi thout disassenbly of the ATS or renoval of the
entire contact enclosure, or conponent parts of the ATS. ATS shall be
rated for continuous duty at the continuous current rating specified. Al
rating data shall be shown on detail draw ngs, and shall equal or exceed
those specified. Switches shall be adequately rated for the application
i ndi cated, and shall have the follow ng characteristics:

a. Voltage: 480 volts ac.

b. Nunber of Phases: Three.

c. Nunber of Wres: Four

d. Frequency: 60 Hz.

e. Nunber of Switched Poles: Three.

f. Type of Load: Total system| oad shown.

g. Continuous Phase or Main Current Rating: Equal to or exceed the
rati ng shown but, in no case, |less than 125 percent of the ful
| oad rating of the emergency power source anperes.

h. ATS Wthstand Rating (Fault Current Availability Rating): Rated
to withstand an available fault or short-circuit current of 65,000
anperes, RMVMS synmetrical, at a power factor between 0.0 and
approximately 0.20, for a duration of 3 cycles at a nmaxi mum
vol tage of 600 ac.

i. Overload Rating: 1200 anperes, RMS synmetri cal

j. Nonwel ding of Contacts: Rated for nonwel ding of contacts when
used with the feeder overcurrent devices indicated on the draw ngs
and with the available fault current specified herein

k. Min and Neutral Contacts: Contacts shall have a silver
conposition and shall be protected by approved arcing contacts.

Neutral contacts shall have not less than 1.5 tines the continuous
current rating of the nain or phase contacts.
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2.

2.

1.1 Transfer Tinme Del ay

Time delay before transfer to the enmergency power source shall be
adjustable fromO to 5 mnutes and factory set at 0 minutes. The device
shal |l nonitor the frequency and voltage of the energency power source and
transfer when frequency and voltage is stabilized at or above 90 percent of
rated val ues. The pickup voltage shall be adjustable from85 to 100
percent of nominal, and factory set at 90 percent. The pickup frequency
shal |l be adjustable from90 to 100 percent of nominal and factory set at 90
percent.

1.2 Return Time Del ay

Time delay before return transfer to the normal power source shall be
adjustable fromO to 30 minutes and factory set at 10 minutes. The tine
del ay shall be automatically defeated upon | oss or sustained undervoltage
of the energency power source, provided that the normal supply has been
restored.

.1.3 Auxiliary Contacts

Two normally open and two nornally closed auxiliary switches shall operate
when the transfer switch is connected to the nornal power source, and two
normal |y open and two normally closed sw tches shall operate when the
transfer switch is connected to the energency power source.

.1.4  Suppl enental Features

The ATS shall also be furnished with the foll ow ng:
a. Engine start contact.
b. Alternate source nonitor.
c. Test switch.
d. Cose differential protection
e. Tine delay by-pass switch.

f. Mnual return-to-normal swtch.

.1.5 Oper at or

A manual operator, conforming to the applicable provisions of UL 1008,

shal |l be provided to permit nmanual operation of the ATS wi thout opening the
ATS encl osure, and incorporate features to prevent operation by other than
aut hori zed and qualified personnel. The ATS shall be designed for use of
the manual operator under no |load conditions in the usual instances, but
with the capability of operation under |oad conditions when necessary.

.1.6 Green Indicating Lights

A green indicating |ight shall supervise the nornal power source and shal
have a nanepl ate engraved COVMERCI AL.

1.7 Red | ndi cating Lights
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2.

2.

A red indicating light shall supervise the enmergency power source and shal
have a nanepl ate engraved GENERATOR

2 BY- PASS/ | SOLATI ON SWTCH (BP/ 1 S)
2.1 Desi gn

Switch shall permt |oad by-pass to either the normal or the energency
source of power and conplete isolation of the associated ATS; independent
of the operating position of the ATS. BP/IS shall not have overload or
fault current protective devices. The BP/IS and the associ ated ATS shal

be the products of the sane manufacturer and shall be conpletely

i nterconnected and tested at the factory and at the project site, as
specified. The BP/IS shall be manufactured, listed and tested in
accordance with paragraph AUTOVATI C TRANSFER SW TCH (ATS) and shall have
electrical ratings that exceed or equal conparable ratings specified for
the ATS. Switch design and construction shall prevent stops in an

i nternedi ate or neutral position during operations, but shall permt |oad
by-pass and transfer switch isolation in no nore than two nmanual operations
whi ch can be perfornmed by one person in 5 seconds or less. The transfer
speed shall be independent of the operation speed of the switch handl es.
The BP/ 1S operation shall be acconplished wi thout disconnecting switch |oad
term nal conductors. The isolation handle positions shall be marked with
engraved plates, or other approved neans, to indicate the position or
operating condition of the associated ATS, as foll ows:

a. Cosed: The closed position shall indicate that the ATS is cl osed
in one of the two operating positions.

b. Test: The test position shall indicate that the functiona
operation of the transfer switch can be tested without service
interruption. 1In the test position, and in the open position, the

BP/ IS shall be capable of functioning as a nanual transfer switch
to pernit loads to be transferred to either power source.

c. Open: The open position shall indicate that the transfer switch
is isolated fromthe | oad and both power sources, and can be
renoved fromthe enclosure if required for mai ntenance or repairs.

. 2.2 Swi tch Construction

The BP/ 1S shall be constructed for convenient renoval of parts fromthe
front of the switch enclosure without requiring the renoval of other parts
or disconnection of external power conductors. Contacts of the BP/IS shal
be as specified for the associated ATS, including provisions for inspection
of contacts wi thout disassenbly of the BP/IS or renoval of the entire
contact enclosure. BP/IS shall be interconnected with suitably sized
copper bus bars silver plated at each connection point, braced to withstand
magnetic and thermal forces created at the withstand rating specified for
the associated ATS. The BP/IS and the associ ated ATS shall be

i nterconnected in the sanme manner.

.3 ENCLOSURE

ATS and accessories shall be in a free-standing, floor-nounted and
unventilated NEMA ICS 6, Type 3R snpooth sheet netal enclosure constructed
in accordance with UL 1008. Gauge of the nmetal shall be not |ess than No.
14. Doors shall have suitable hinges, |ocking handle |atch, and gasketed
janbs. Enclosure shall be equipped with at |east two approved size and type
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of grounding lugs for the purpose of grounding the enclosure using No. 4
AWG copper conductors to the facility ground system A thernostatically
controll ed heater shall also be provided within the enclosure to prevent
condensation over the tenperature range stipulated in paragraph SERVI CE
CONDI TIONS.  Factory wiring within the enclosure and the Contractor’s field
wiring termnating within the enclosure shall conply with NFPA 70. If
wiring is not color coded, wires shall be permanently tagged near the
termnal at each end with the wire nunber shown on approved det ai

drawi ngs. Term nal bl ocks shall conformto NEMA ICS 4. Ternmina
facilities shall be suitably arranged for entrance of external conductors
fromthe bottomof the enclosure or fromthe top and bottom as shown.
Main switch terminals, including the neutral termnal, shall be of the
pressure type and suitable for the term nation of the external copper
conduct ors shown.

2.3.1 Constructi on

Encl osure shall be constructed for conveni ent renoval and repl acenent of
contacts, coils, springs and control devices fromthe front w thout the

di sconnecti on of external power conductors or the renoval or disassenbly of
maj or components. Encl osure housing an ATS with BP/ 1S shall be constructed
to protect personnel from energized conmponents of the BP/IS during

mai nt enance of the ATS.

2.3.2 Fi ni shi ng

Pai nting required for surfaces not otherw se specified and finish painting
of itens only primed at the factory shall be as specified in Section 09900
PAI NTI NG GENERAL.

2.4  TESTING
2.4.1 Laboratory Testing

Testing shall be conpleted on the ATS with BP/1S to be supplied under these
specifications, or shall have been conpleted on a previous, randomy

sel ected standard production ATS with BP/1S unit having the sanme nodel
nunber and capacity as the ATS with BP/1S specified. Overload, endurance
and tenperature tests shall be conducted in that sequence and within the
shortest practicable period of time on the same ATS with BP/1S wi t hout
de-energi zation of that ATS with BP/IS under test. The test sequence for
the ATS with BP/IS |isted bel ow shall be followed. No deviation will be
granted that is less stringent. Approval will not be granted to deviate
fromthe overload, endurance and tenperature test sequence.

a. CGener a

b. Nor mal Operation

c. Overvol t age

d. Under vol t age

e. Overl oad

f. Endur ance

g. Tenperature rise

SECTI ON 16410 Page 8



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

h. Dielectric Voltage - Wthstand
i Cont act QOpeni ng
j- Dielectric Voltage - Wthstand (Repeat ed)
k. W't hst and
l. Instrunentation and Calibration of H gh Capacity Circuits
m Cl osi ngs
n. Dielectric Voltage - Wthstand (Repeat ed)
o. Strength of Insulating Base and Support
2.4.2 Factory Testing
2.4.2.1 Dielectric Tests
Tests shall be perforned in accordance with NEMA ICS 1. Wring of each
control panel shall be subjected to voltage surge tests as stipulated in
| EEE ANSI /I EEE C37.90.1. |Inpulse withstand rating tests shall be perforned
accordance with the requirenents of NEMA |ICS 1.
2.4.2.2 Qperational Tests
Tests shall be perforned and shall denonstrate that the operational
sequence of each ATS with BP/IS unit conforns to the requirements of the
specifications with regard to operating transfer tinme, voltage, frequency,
and timng intervals.
PART 3 EXECUTI ON
3.1 | NSTALLATI ON

The ATS with BP/IS shall be installed as indicated and in accordance with
approved manufacturer’s instructions.

3.2 OPERATI ONAL TESTI NG

Fol | owi ng conpletion of the installation of the ATS with BP/IS, the
Contractor shall performoperational tests in accordance with the witten
instructions of the manufacturer after having nade proper adjustnents and
settings to denonstrate that the ATS with BP/IS functions satisfactorily
and as specified. The Contractor shall advise the Contracting Oficer not
Il ess than 5 work days prior to the schedul ed date or dates for operational
testing, and shall provide certified field test reports to the Contracting
Oficer within 2 cal endar weeks foll owi ng successful conpletion of the
operational tests. The test reports shall describe all adjustnments and
settings nade and all operational tests perforned.

-- End of Section --
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ELECTRI CAL WORK, | NTERI OR

PART 1 GENERAL

1

1 REFERENCES

The publications listed below forma part of this specification to the

extent referenced. The publications are referred to in the text by basic

desi gnati on only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI Cl12.11 (1987; R 1993) Instrunent Transforners for
Revenue Metering, 10 kV BIL Through 350 kV

BIL (0.6 kV NSV Through 69 kV NSV)

ANSI C39.1 (1981; R 1992) Requirenents for Electrica
Anal og I ndicating Instrunents

ANS| C80.5 (1995) Rigid Al um num Condui t

ANSI CB2.4 (1992) Ballasts for

H gh-1ntensity-Di scharge and Low Pressure

Sodi um Lanps (Ml tipl e-Supply Type)

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM B 1 (1995) Hard-Drawn Copper Wre

ASTM B 8 (1995) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium Hard, or Soft

ASTM D 709 (1992; R 1997) Lani nated Thernosetting
Materi al s

ASTM D 4059 (1996) Anal ysis of Polychlorinated

Bi phenyls in Insulating Liquids by Gas
Chr omat ogr aphy

CODE OF FEDERAL REGULATI ONS ( CFR)

47 CFR 18 I ndustrial, Scientific, and Mdica
Equi prent

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE ANSI /| EEE C57. 13 (1993) Instrument Transforners

| EEE C62. 41 (1991; R 1995) Surge Voltages in
Low Vol tage AC Power Circuits

| EEE Std 81 (1983) Cuide for Measuring Earth

Resistivity, Gound | npedance, and Earth
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NENVA

NEMA

NEMA

NENVA

NENVA

NEMA

NENVA

NEMA

NENVA

NEMA

NENVA

NEMA

NENVA

NEMA

NENVA

NEMA

NENVA

NEMA

AB

FU

Surface Potentials of a Ground System
(Part 1)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMR)

1

1

ICS 1

ICS 2

PB

RN

ST

TC

TC

VE

10

20

13

(1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches

(1986) Low Vol tage Cartridge Fuses
(1993) Industrial Control and Systens

(1993) Industrial Control and Systens
Controllers, Contactors, and Overl oad

Rel ays Rated Not More Than 2,000 Volts AC
or 750 Volts DC

(1993) Industrial Control and Systens
Factory Built Assenblies

(1993) Industrial Control and Systens
Encl osur es

(1987) Recessed Lum naires, Ceiling
Conpatibility

(1993; Rev 1; Rev 2; Rev 3) Mdtors and
Generators

(1994) Energy Managenent QGuide for
Sel ection and Use of Pol yphase Modtors

(1989) Sheet-Steel CQutlet Boxes, Device
Boxes, Covers, and Box Supports

(1986; Errata Aug 1986; R 1991)
Nonnetal lic Qutl et Boxes, Device Boxes,
Covers and Box Supports

(1990) Panel boar ds

(1989) Pol yvinyl-Chloride (PVC) Externally
Coat ed Gal vani zed Rigid Steel Conduit and
Internedi ate Metal Conduit

(1992) Dry-Type Transformers for Genera
Appl i cati ons

(1990) Electrical Polyvinyl Chloride (PVQO
Tubi ng (EPT) and Conduit (EPC-40 and

EPC- 80)

(1993) Electrical Nonmetallic Tubing (ENT)
(1996) Metal Cable Tray Systemns

(1983; R 1989) General Requirenents for
Wring Devices
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NEVA VD 6 (1988) Wring Devices - Dinensiona
Requi renent s

NATI ONAL FI RE PROTECTI ON ASSCOCI ATl ON ( NFPA)

NFPA 70 (1996; Errata 96-4) National Electrica
Code
NFPA 101 (1997; Errata 97-1) Life Safety Code

UNDERWRI TERS LABORATORI ES (UL)

UL 1 (1993; Rev thru Jan 1995) Flexible Meta
Condui t

UL 5 (1996) Surface Metal Raceways and Fittings

UL 6 (1997) Rigid Metal Conduit

UL 50 (1995; Rev thru Cct 1997) Encl osures for
El ectri cal Equi prent

UL 67 (1993; Rev thru Nov 1995) Panel boards

UL 83 (1996; Rev Sep 1997)
Ther nopl astic-1nsulated Wres and Cabl es

UL 98 (1994; R thru Cct 1995) Encl osed and
Dead- Front Switches

UL 198B (1995) d ass H Fuses

UL 198C (1986; Rev thru Feb 1998)

Hi gh-Interrupting-Capacity Fuses,
Current-Limting Types

UL 198D (1995) d ass K Fuses
UL 198E (1988; Rev Jul 1988) d ass R Fuses
UL 198G (1988; Rev May 1988) Fuses for
Suppl erentary Overcurrent Protection
UL 198H (1988; Rev thru Nov 1993) Cass T Fuses
UL 198L (1995; Rev May 1995) D-C Fuses for

| ndustrial Use

UL 360 (1996; Rev thru Oct 1997) Liquid-Tight
Fl exi bl e Steel Conduit

UL 467 (1993; Rev thru Aug 1996) Groundi ng and
Bondi ng Equi pment

UL 486A (1997) Wre Connectors and Sol dering Lugs
for Use with Copper Conductors

UL 486C (1997) Splicing Wre Connectors
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UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

486E

489

498

506

508

512

514A

514B

514C

542

651

651A

674

719

797

845

854

869A

877

924

(1994; Rev thru Feb 1997) Equi pment Wring
Terminals for Use with Al um num and/ or
Copper Conductors

(1996; Rev thru Nov 1997) Mol ded- Case
Circuit Breakers, Ml ded-Case Swi tches,
and Circuit-Breaker Encl osures

(1996; Rev thru Nov 1997) Attachment Pl ugs
and Recept acl es

(1994; Rev Oct 1997) Specialty Transforners

(1993; Rev thru Cct 1997) Industrial
Control Equi prent

(1993; R Dec 1995) Fusehol ders
(1996) Metallic Qutlet Boxes

(1997) Fittings for Conduit and Qutl et
Boxes

(1996) Nonnetallic Qutlet Boxes,
Fl ush- Devi ce Boxes, and Covers

(1994; Rev May 1997) Lanphol ders,
Starters, and Starter Hol ders for
Fl uorescent Lanps

(1995; Rev thru Apr 1997) Schedule 40 and
80 Rigid PVC Conduit

(1995; Rev Sep 1996) Type EB and A Rigid
PVC Conduit and HDPE Condui t

(1994; Rev thru Feb 1997) Electric Mtors
and Generators for Use in Division 1
Hazardous (C assified) Locations

(1996) Nonnetal |l i c- Sheat hed Cabl es

(1993; Rev thru Mar 1997) Electrical
Metal |i c Tubing

(1995; Rev Feb 1996) Mdtor Control Centers
(1996) Service-Entrance Cables

(1993; Rev thru Apr 1996) Reference
Standard for Service Equi pnent

(1993; Rev thru May 1997) Circuit Breakers
and Circuit-Breaker Enclosures for Use in
Hazar dous (Cl assified) Locations

(1995; Rev thru Cct 97) Energency Lighting
and Power Equi pnent
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UL 935 (1995; Rev thru Apr 1997) Fl uorescent - Lanp
Bal | asts

UL 943 (1993; Rev thru Mar 1997) G ound- Faul t
Crcuit-Interrupters

UL 1004 (1994; Rev thru Feb 1997) Electric Mtors

UL 1029 (1994; Rev thru Sep 1995)
H gh-1Intensity-Di scharge Lanp Ball asts

UL 1242 (1996; Rev Apr 1997) Internediate Meta
Condui t

UL 1449 (1985; Errata Apr 1986; Rev May 1995)
Transi ent Vol tage Surge Suppressors

UL 1569 (1995; Rev thru Oct 1997) Metal -Cl ad Cabl es

UL 1570 (1995; Rev thru Jun 1997) Fl uorescent
Li ghting Fixtures

UL 1571 (1995; Rev thru Jun 97) | ncandescent
Li ghting Fi xtures

UL 1572 (1995; Rev thru Jun 97) High Intensity
Di scharge Lighting Fixtures

UL 1660 (1994; Rev Jan 1996) Liquid-Tight Flexible
Nonnetal I i ¢ Condui t

UL Elec Const Dir (1997) Electrical Construction Equi pment
Directory

1.2 GENERAL
1.2.1 Rul es

The installation shall conformto the requirenents of NFPA 70 and NFPA 101,
unl ess nore stringent requirenments are indicated or shown.

1.2.2 Coor di nati on

The drawi ngs indicate the extent and the general |ocation and arrangenent
of equi prment, conduit, and wiring. The Contractor shall becone famliar
with all details of the work and verify all dinmensions in the field so that
the outlets and equi pnent shall be properly located and readily accessible.

Lighting fixtures, outlets, and other equi pnent and materials shall be
located to avoid interference with nechanical or structural features;
otherwi se, lighting fixtures shall be symetrically |located according to
the room arrangement when uniformillumination is required, or
asymetrically located to suit conditions fixed by design and shown.
Raceways, junction and outl et boxes, and lighting fixtures shall not be
supported from sheet netal roof decks. |[If any conflicts occur
necessitating departures fromthe draw ngs, details of and reasons for
departures shall be submtted and approved prior to inplenenting any
change. The Contractor shall coordinate electrical work with the HVAC and
el ectrical draw ngs and specifications and provide power related wiring.
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1.2.3 Speci al Environnents
1.2.3.1 Weat her proof Locati ons

Wring, Fixtures, and equipnment in designated |ocations shall conformto
NFPA 70 requirenments for installation in danp or wet |ocations.

1.2.3.2 Ducts, Plenunms and Qther Air-Handling Spaces

Wring and equi pment in ducts, plenuns and other air-handling spaces shal
be installed using materials and nethods in conformance w th NFPA 70unl ess
nore stringent requirenents are indicated in this specification or on the
contract draw ngs.

1.2.4 St andard Products

Mat eri al and equi pnent shall be a standard product of a manufacturer

regul arly engaged in the manufacture of the product and shall essentially
duplicate itens that have been in satisfactory use for at least 2 years
prior to bid opening.

1.2.5 NAMEPLATES
1.2.5.1 I dentification Nanmepl at es

Maj or itens of electrical equipnent and major conponents shall be
permanently marked with an identification nane to identify the equi pment by
type or function and specific unit nunber as indicated. Designation of
nmotors shall coincide with their designation in the motor control center or
panel . Unless otherw se specified, identification naneplates shall be nade
of lam nated plastic in accordance with ASTM D 709 with bl ack outer |ayers
and a white core. Edges shall be chanfered. Plates shall be fastened with
bl ack-fini shed round-head drive screws, except notors, or approved
nonadhesi ve netal fasteners. When the naneplate is to be installed on an
i rregul ar-shaped object, the Contractor shall devise an approved support
suitable for the application and ensure the proper installation of the
supports and naneplates. In all instances, the naneplate shall be
installed in a conspicuous location. At the option of the Contractor, the
equi prent manufacturer’s standard enbossed nanmeplate material wth black
paint-filled letters may be furnished in lieu of |lam nated plastic. The
front of each panel board, motor control center, sw tchgear, and sw tchboard
shal |l have a naneplate to indicate the phase letter, correspondi ng col or
and arrangenment of the phase conductors. The follow ng equipnent, as a
m ni mum shall be provided with identification nanepl at es:

M ni mum 6.4 mm M ni mum 3.2 mm

H gh Letters H gh Letters
Panel boar ds Control Power Transforners
Starters Control Devices
Saf ety Switches I nstrunment Transforners
Equi pment Encl osur es
Swi t chgear
Mbt or s

Each panel, section, switchgear or simlar assenblies shall be provided
with a nanmeplate in addition to naneplates |listed above, which shall be
provided for individual conpartnents in the respective assenbly, including
namepl ates which identify "future," "spare,"” and "dedi cated" or "equi pped
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1

1

1

spaces. "
2.6 As-Bui It Draw ngs

Fol l owi ng the project conpletion or turnover, within 30 days the Contractor
shal |l furnish 2 sets of as-built drawings to the Contracting O ficer

2.7 Recessed Light Fixtures (RLF) Option

The Contractor has the option to substitute inch-pound (1-P) RLF to netric
RLF. This option shall be coordinated with Section 09510 ACOUSTI CAL
CEl LI NGS.

3 SUBM TTALS

CGovernnent approval is required for subnmittals with a "GA" desi gnation
subnittals having an "FI O designation are for information only. The
followi ng shall be submtted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD-01 Data
Manuf acturer’s Catal og; GA

Dat a conposed of catalog cuts, brochures, circulars, specifications,
product data, and printed information in sufficient detail and scope to
verify conpliance with the requirenents of the contract documents.

Materi al , Equi pment, and Fi xture Lists; GA

A conplete itenmized listing of equipnent and naterials proposed for
incorporation into the work. Each entry shall include an item nunber, the
quantity of itens proposed, and the nane of the manufacturer of each item

Install ati on Procedures; GA.

Installation procedures for rotating equi pnent, transforners, sw tchgear
battery systens, voltage regulators, and grounding resistors. Procedures
shal | include diagrans, instructions, and precautions required to install,
adjust, calibrate, and test devices and equi pnent.

SD- 04 Dr awi ngs
Interior Electrical Equipnent; GA

Detail drawi ngs consisting of equipnment draw ngs, illustrations, schedul es,
i nstructions, diagranms, and other information necessary to define the
installation. Detail drawi ngs shall show the rating of itens and systens
and how the conponents of an item and system are assenbl ed, function
together, and how they will be installed on the project. Data and draw ngs
for conponent parts of an itemor system shall be coordinated and subnitted
as a unit. Data and draw ngs shall be coordinated and included in a single
submi ssion. Miltiple subnissions for the same equi prent or system are not
accept abl e except where prior approval has been obtained fromthe
Contracting Oficer. In such cases, a list of data to be submtted |ater
shall be included with the first subm ssion. Detail draw ngs shall show
physi cal arrangenent, construction details, connections, finishes,
materials used in fabrication, provisions for conduit or busway entrance,
access requirenents for installation and mai ntenance, physical size,
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el ectrical characteristics, foundation and support details, and equi pnent
wei ght. Drawi ngs shall be drawn to scal e and/or dinensioned. Optiona
itens shall be clearly identified as included or excluded. Detail draw ngs
shall as a m ni mum i ncl ude:

a. Switchgear.
b. Mtors and rotating machinery.
c. Mtor control centers.

d. Single line electrical diagrans including primry, netering,
sensing and rel aying, control wiring, and control |ogic.

e. Sway bracing for suspended | uni naires.

Structural draw ngs showing the structural or physical features of nmajor
equi pnent itens, conponents, assenblies, and structures, including
foundati ons or other types of supports for equi pnent and conductors. These
drawi ngs shall include accurately scal ed or di nensioned outline and
arrangenent or | ayout drawi ngs to show the physical size of equi pment and
components and the relative arrangenent and physical connection of related
conmponents. Wi ghts of equi pment, conponents and assenblies shall be
provi ded when required to verify the adequacy of design and proposed
construction of foundations or other types of supports. Dynamc forces
shal |l be stated for sw tching devices when such forces nust be considered
in the design of support structures. The appropriate detail draw ngs shal
show the provisions for |eveling, anchoring, and connecting all itens
during installation, and shall include any recommendati ons nmade by the
manuf act urer.

El ectrical drawi ngs including single-line and three-line diagrans, and
schematics or elenentary diagrans of each electrical system interna
wiring and field connection diagrans of each electrical device when
publ i shed by the manufacturer; wring diagrans of cabinets, panels, units,
or separate nountings; interconnection diagrans that show the wring

bet ween separate conponents of assenblies; field connection diagrans that
show the ternmination of wiring routed between separate itens of equi pnent;
internal wring diagranms of equipnment showing wiring as actually provided
for this project. Field wiring connections shall be clearly identified.

If departures fromthe contract draw ngs are deened necessary by the
Contractor, conplete details of such departures, including changes in
rel ated portions of the project and the reasons why, shall be subnitted
with the detail drawi ngs. Approved departures shall be nmade at no
additional cost to the Governnent.

As-Built Draw ngs; FIO

The as-built drawi ngs shall be a record of the construction as install ed.
The drawi ngs shall include all the information shown on the contract

drawi ngs, deviations, nodifications, and changes from the contract

drawi ngs, however minor. The as-built draw ngs shall be kept at the job
site and updated daily. The as-built drawings shall be a full-sized set of
prints marked to reflect all deviations, changes, and nodifications. The
as-built drawi ngs shall be conplete and show the | ocation, size,

di nensions, part identification, and other information. Additional sheets
may be added. The as-built drawi ngs shall be jointly inspected for
accuracy and conpl eteness by the Contractor’s quality contro
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representative and by the Contracting Officer prior to the subn ssion of
each nonthly pay estimate. Upon conpletion of the work, the Contractor
shall submit three full sized sets of the nmarked prints to the Contracting
Oficer for approval. |If upon review, the as-built drawings are found to
contain errors and/or om ssions, they will be returned to the Contractor
for correction. The Contractor shall correct and return the as-built
drawi ngs to the Contracting Oficer for approval within ten cal endar days
fromthe tine the drawings are returned to the Contractor

SD-08 Statenents
Onsite Test; GA

A detail ed description of the Contractor’s proposed procedures for on-site
tests.

SD- 09 Reports
Factory Test Reports; GA
Si x copies of the information described below in 216 x 280 nm binders
having a mnimumof 5 rings fromwhich material may readily be renmoved and
replaced, including a separate section for each test. Sections shall be
separated by heavy plastic dividers with tabs.

a. A list of equipnent used, with calibration certifications.

b. A copy of neasurenents taken

c. The dates of testing.

d. The equi prent and val ues to be verified.

e. The conditions specified for the test.

f. The test results, signed and dat ed.

g. A description of adjustnents nade.
Field Test Plan; GA
A detailed description of the Contractor’s proposed procedures for onsite
test submitted 30 days prior to testing the installed system No field test
will be perfornmed until the test plan is approved. The test plan shal
consi st of conplete field test procedures including tests to be perforned,
test equi prment required, and tolerance linits.
Field Test Reports; GA
Si x copies of the information described below in 216 x 280 nm binders
having a mnimumof 5 rings fromwhich material may readily be renmoved and
replaced, including a separate section for each test. Sections shall be
separated by heavy plastic dividers with tabs.

a. A list of equipnent used, with calibration certifications.

b. A copy of neasurenents taken

c. The dates of testing.
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d. The equi prent and val ues to be verified.
e. The conditions specified for the test.
f. The test results, signed and dat ed.
g. A description of adjustnents nade.
h. Final position of controls and device settings.
SD-13 Certificates
Mat eri al s and Equi pnent; GA.

The | abel or listing of the Underwiters Laboratories, Inc., will be
accepted as evidence that the nmaterials or equipnent conformto the
appl i cabl e standards of that agency. In lieu of this |label or listing, a
statenent froma nationally recogni zed, adequately equi pped testing agency
indicating that the itens have been tested in accordance with required
procedures and that the nmaterials and equi pnent conply with all contract
requirenents will be accepted. However, naterials and equi prent installed
i n hazardous | ocations nust bear the UL |abel unless the data subnitted
fromother testing agency is specifically approved in witing by the
Contracting Officer. Itens which are required to be listed and | abeled in
accordance with Underwiters Laboratories nust be affixed with a UL | abe
that states that it is UL listed. No exceptions or waivers will be granted
to this requirenent. Materials and equi prment will be approved based on the
manuf acturer’s published data.

For other than equi pnment and naterials specified to conformto UL
publications, a manufacturer’s statenent indicating conplete conpliance
with the applicable standard of the American Society for Testing and
Materials, National Electrical Minufacturers Association, or other
commerci al standard, is acceptable.

1.4  WORKMANSHI P

Materi al s and equi pnrent shall be installed in accordance with NFPA 70,
reconmendati ons of the manufacturer, and as shown.

PART 2 PRODUCTS

Products shall conformto the respective publications and ot her

requi renents specified below Mterials and equi prent not |isted bel ow
shall be as specified el sewhere in this section. Itens of the sane
classification shall be identical including equipnrent, assenblies, parts,
and conponents.

2.1 CABLES AND W RES

Conductors No. 8 AWG and | arger dianeter shall be stranded. Conductors No.
10 AWG and snual | er dianmeter shall be solid, except that conductors for
renote control, alarm and signal circuits, classes 1, 2, and 3, shall be
stranded unl ess specifically indicated otherwi se. Conductor sizes and
anpacities shown are based on copper, unless indicated otherw se. All
conductors shall be copper.

2.1.1 Equi prent Manuf act urer Requirenents
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When manufacturer’s equi pnment requires copper conductors at the
term nations or requires copper conductors to be provided between
conmponents of equi pnent, provide copper conductors or splices, splice
boxes, and other work required to nmeet nmanufacturer’s requirements.
2.1.2 Al um num Conduct ors
Al um num conductors shall not be used.
2.1.3 I nsul ation
Unl ess indicated otherwi se, or required by NFPA 70, power and |ighting
wires shall be 600-volt, Type THWN, THHN, or THWconform ng to UL 83,
except that grounding wire may be type TWconform ng to UL 83;
renote-control and signal circuits shall be Type TW THWor TF, conform ng
to UL 83. Were lighting fixtures require 90-degree Centigrade (C)
conductors, provide only conductors with 90-degree C insulation or better
2.1.4 Bondi ng Conductors
ASTM B 1, solid bare copper wire for sizes No. 8 AW and snual | er dianeter;
ASTM B 8, O ass B, stranded bare copper wire for sizes No. 6 AWG and | arger
di anet er.
2.1.5 Servi ce Entrance Cabl es
Service entrance (SE) and underground service entrance (USE) cables, UL 854.
2.1.6 Non-netal | i ¢ Sheat hed Cabl e
UL 719, type NM or NMC.
2.1.7 Metal - ad Cabl e
UL 1569; NFPA 70, Type MC cable.
2.1.8 M neral -1 nsul at ed, Metal - Sheat hed Cabl e

UL listed NFPA 70, type M cable. Sheathing containing asbestos fibers
shal | not be used.

2.2 CABLE TRAYS
NEMA VE 1 cable trays shall forma wireway system and shall be of nonina
100 mm depth. Cable trays shall be constructed of alum num Trays shal
i nclude splice and end plates, dropouts, and mi scell aneous hardware.
Edges, fittings, and hardware shall be finished free fromburrs and sharp
edges. Fittings shall have not less than the load-carrying ability of
straight tray sections and shall have manufacturer’s m ni nrum st andard
radi us. Radius of bends shall be 610 nm

2.2.1 Tr ough
Trough-type cable trays shall be of a nonminal 450 nm wdth

2.2.2 Ladder

Ladder-type cable trays shall be of nominal 450 or 600 mMm wi dth. Rung
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2.

2.

2.

2.

2.

spaci ng shall be on 230 mm naxi mum centers.
3 TRANSI ENT VOLTAGE SURGE PROTECTI ON

Transi ent vol tage surge suppressors shall be provided as indicated. Surge
suppressors shall neet the requirenents of | EEE C62.41 and be UL listed and
| abel ed as having been tested in accordance with UL 1449. Surge suppressor
ratings shall be 480 volts rns, operating voltage; 60 Hz; 3-phase; 4 wire

wi th ground; transient suppression voltage (peak |et-through voltage) of 330
volts. Fuses shall not be used as surge suppression

4 Cl RCU T BREAKERS
4.1 MOLDED- CASE Cl RCUI T BREAKERS

Mol ded-case circuit breakers shall conformto NEMA AB 1 and UL 489and UL 877
for circuit breakers and circuit breaker enclosures |ocated in hazardous
(classified) locations. Circuit breakers may be installed in panel boards,
swi t chboards, encl osures, or conbination notor controllers.

4.1.1 Constructi on

Circuit breakers shall be suitable for mounting and operating in any
position. Lug shall be listed for copper conductors only in accordance
with UL 486E. Single-pole circuit breakers shall be full nodule size with
not nore than one pole per nodule. Milti-pole circuit breakers shall be of
the conmon-trip type having a single operating handl e such that an overl oad
or short circuit on any one pole will result in all poles opening

sinul taneously. Sizes of 100 anperes or |ess may consist of single-pole
breakers permanently factory assenbled into a nulti-pole unit having an

i nternal, nechanical, nontanperable comon-trip nechani sm and externa
handle ties. Al circuit breakers shall have a qui ck- make, qui ck-break
overcenter toggle-type nmechanism and the handl e nmechani sm shall be
trip-free to prevent holding the contacts cl osed against a short-circuit or
sustai ned overload. All circuit breaker handl es shall assume a position
between "ON' and "OFF" when tripped automatically. All ratings shall be
clearly visible.

.4.1.2 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage. The
interrupting rating of the circuit breakers shall be at |east equal to the
avail abl e short-circuit current at the line termnals of the circuit
breaker and correspond to the UL listed integrated short-circuit current
rating specified for the panel boards and sw tchboards. Ml ded-case circuit
breakers shall have nomi nal voltage ratings, maxi mum continuous-current
ratings, and maxi mum short-circuit interrupting ratings in accordance wth
NEMA AB 1. Ratings shall be coordinated with system X' R rati o.

.4.1.3 Cascade System Rati ngs

Circuit breakers used in series conbinations shall be in accordance with UL
489. Equi pnent, such as switchboards and panel boards, whi ch house
series-connected circuit breakers shall be clearly nmarked accordingly.
Series conbinations shall be listed in the UL Recogni zed Conponent
Directory under "Circuit Breakers-Series Connected."

4.1.4  Thermal - Magnetic Trip El ements
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Thermal magnetic circuit breakers shall be provided as shown. Automatic
operation shall be obtained by neans of thernal-nagnetic tripping devices

| ocated in each pole providing inverse time delay and instantaneous circuit
protection. The instantaneous nagnetic trip shall be adjustable and
accessible fromthe front of all circuit breakers on frane sizes above 150
anper es.

2.4.2 Solid-State Trip El enents

Solid-state circuit breakers shall be provided as shown. Al electronics
shal | be self-contained and require no external relaying, power supply, or
accessories. Printed circuit cards shall be treated to resist noisture
absorption, fungus growth, and signal |eakage. Al electronics shall be
housed in an encl osure which provides protection against arcs, nagnetic

i nterference, dust, and other contaminants. Solid-state sensing shal
nmeasure true RMS current with error |ess than one percent on systens with
di stortions through the 13th harnonic. Peak or average actuating devices
are not acceptable. Current sensors shall be torodial construction
encased in a plastic housing filled with epoxy to protect against damage
and noi sture and shall be integrally nmounted on the breaker. Were

i ndicated on the drawings, circuit breaker franes shall be rated for 100
percent continuous duty. Circuit breakers shall have tripping features as
shown on the drawi ngs and as described bel ow

a. Long-tine current pick-up, adjustable from50 percent to 100
percent of continuous current rating.

b. Adjustable long-tinme del ay.

c. Short-time current pick-up, adjustable from1l.5 to 9 tines
| ong-tinme current setting.

d. Adjustable short-time del ay.

e. Instantaneous current pick-up, adjustable from1.5 to 9 tines
| ong-tinme current setting.

f. Gound-fault pick-up, adjustable from20 percent to 60 percent of
sensor rating, but not greater than 1200 anperes. Sensing of
ground-fault current at the main bonding junper or ground strap
will not be permitted.

g. Adjustable ground-fault del ay.
h. Overload trip indicators shall be provided.
2.4.3 Current-Limting Crcuit Breakers
Current-limting circuit breakers shall be provided as shown.
Current-limting circuit breakers shall limt the let-through | square
times t to a value less than the | square tines t of one-half cycle of the
symretrical short-circuit current waveform On fault currents bel ow the
threshold of linmitation, breakers shall provide conventional overload and
short-circuit protection. Integrally-fused circuit breakers shall not be
used.
2.4. 4 HACR Circuit Breakers

Crcuit breakers 100 anperes or below, 240 volts, 1-pole or 2-pole,
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intended to protect nmulti-notor and conbination-load installations involved
in heating, air conditioning, and refrigerating equi pment shall be narked
"Li sted HACR Type."

.4.5 Ground Fault Circuit Interrupters

UL 943. Breakers equipped with ground fault circuit interrupters shal
have ground fault class, interrupting capacity, and voltage and current
ratings as indicated.

.5 MOTOR SHORT- Cl RCUI T PROTECTOR ( MSCP)

Mot or short-circuit protectors shall conformto UL 508 and shall be

provi ded as shown. Protectors shall be used only as part of a conbination
nmotor controller which provides coordi nated notor branch-circuit overl oad
and short-circuit protection, and shall be rated in accordance with the
requi renents of NFPA 70.

.5.1 Construction

Mot or short-circuit protector bodies shall be constructed of high
tenperature, dinmensionally stable, long life, nonhygroscopic naterials.
Protectors shall fit special MSCP nounting clips and shall not be

i nterchangeable with any commercially avail able fuses. Protectors shal
have 100 percent one-way interchangeability within the A-Y letter
designations. All ratings shall be clearly visible.

.5.2 Rat i ngs

Vol tage ratings shall be not |ess than the applicable circuit voltage.
Letter designations shall be A through Y for notor controller Sizes 0, 1,
2, 3, 4, and 5, with 100,000 anperes interrupting capacity rating. Letter
designations shall correspond to controller sizes as foll ows:

CONTROLLER SI ZE MSCP DESI GNATI ON
NEMA O A-N
NEMA 1 A-P
NEMA 2 A-S
NEMA 3 A-U
NEMA 4 A-W
NEMA 5 AY
.6 CONDUI T AND TUBI NG
.6.1 El ectrical, Zinc-Coated Steel Metallic Tubing (EM)
uL 797
.6.2 El ectrical Nonnetallic Tubing (ENT)
NEMA TC 13.
6.3 El ectrical Plastic Tubing and Conduit
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NEMA TC 2.
2.6.4 Fl exi bl e Conduit, Steel and Plastic
CGeneral - purpose type, UL 1; liquid tight, UL 360, and UL 1660.
2.6.5 I ntermedi ate Metal Conduit
UL 1242.
2.6.6 PVC Coated Rigid Steel Conduit
NEMA RN 1.
2.6.7 Ri gid Al um num Condui t
ANS| CB80.5 and UL 6.
2.6.8 Rigid Metal Conduit
UL 6.
2.6.9 Rigid Plastic
NEMA TC 2, UL 651 and UL 651A.
2.6.10 Surface Metal Electrical Raceways and Fittings
UL 5.
2.7 CONDUI T AND DEVI CE BOXES AND FI TTI NGS
2.7.1 Boxes, Metallic Qutlet
NEMA OS 1 and UL 514C.
2.7.2 Boxes, Nonnetallic, Qutlet and Fl ush-Device Boxes and Covers
NEMA OS 2 and UL 514C.
2.7.3 Boxes, Switch (Enclosed), Surface-Munted
UL 98.
2.7.4 Fittings for Conduit and Qutlet Boxes
UL 514B.
2.7.5 Fittings, PVC, for Use with Rigid PVC Conduit and Tubi ng
UL 514B.
2.8 CONNECTORS, W RE PRESSURE
2.8.1 For Use Wth Copper Conductors

UL 486A.
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2.

9 ELECTRI CAL GROUNDI NG AND BONDI NG EQUI PMENT

UL 467.

.9.1 G ound Rods

Ground rods shall be of copper-clad steel conformng to UL 467 not |ess
than 19.1 mm in dianeter by 3.1 neter in length of the sectional type
driven full length into the earth.

.9.2 G ound Bus

The ground bus shall be bare conductor or flat copper in one piece, if
practi cabl e.

.10 ENCLOSURES

NEMA | CS 6 unl ess otherw se specified.

.10.1 Cabi nets and Boxes

Cabi nets and boxes with volunme greater than 0.0164 cubic meters shall be
in accordance with UL 50, hot-dip, zinc-coated, if sheet steel

.10.2 Circuit Breaker Encl osures

UL 489.

.11 FI XTURES, LI GHTI NG AND FI XTURE ACCESSORI ES/ COVPONENTS

Fi xtures, accessories and conponents, including ballasts, |anpholders,
| anps, starters and starter holders, shall conformto industry standards
speci fi ed.

11,1 Fi xture, Auxiliary or Energency

UL 924.

.11.2 | ncandescent Fi xture

NEMA LE 4 for ceiling conpatibility of recessed fixtures and UL 1571

.11.3 Fl uor escent

a. Fixture: NEMA LE 4 for ceiling conpatibility of recessed fixtures
and UL 1570. Fixtures shall be plainly marked for proper |anp and
ballast type to identify lanmp dianeter, wattage, color and start
type. Marking shall be readily visible to service personnel, but
not visible fromnormal view ng angles.

b. Ball asts:

(1) Electronic Ballast. Electronic ballasts shall consist of a
rectifier, high frequency inverter, and power control and
regulation circuitry. The ballasts shall be UL listed, Class P
with a Cass A sound rating and shall contain no PCBs. Ballasts
shal |l neet 47 CFR 18 for el ectronagnetic interference and shal
not interfere with the operation of other electrical equipnent.
Desi gn shall withstand line transients per | EEE C62.41, Category
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A.  Unl ess otherwi se indicated, the mni mum nunber of ballasts
shal |l be used to serve each individual fixture, using one, two,
three or four lanp ballasts. A single ballast nay be used to
serve multiple fixtures if they are continuous mounted, factory
manuf actured for that installation with an integral w reway, and
are identically controll ed.
(a) Light output regulation shall be +/- 10%
(b) Voltage input regulation shall be +/- 10%
(c) Lanp current crest factor shall be no nore than 1.6.
(d) Ballast factor shall be not |ess than 85% nor nore than 100%
unl ess ot herw se indicat ed.
(e) A 60 Hz filter shall be provided. Flicker shall be no nore than
10%with any |anp suitable for the ballast.
(f) Ballast case tenperature shall not exceed 25 degree Celsius rise
above 40 degree Cel sius anbient, when tested in accordance with UL
935.
(g) Total harnmonic distortion shall not exceed 20%
(h) Power factor shall not be I|ess than 0.95.
(i) Ballasts shall operate at a frequency of 20 kHz or nore.
(j) Operating filament voltage shall be 2.5 to 4.5 volts.
(k) Warranty. Three year full warranty including a $10 | abor
al | owance.
(1) Ballast Efficacy Factor (BEF) shall be in accordance with the
following table. Ballasts and | anps shall be matching rapid start
or instant start as indicated on the following table. |If
32WF32-T8 | anps and bal l asts are used, they nmust be either al
rapid start or all instant start.
ELECTRONI C FLUORESCENT BALLAST EFFI CACY FACTORS*
LAMP TYPE OF NOM NAL NUMBER M N. BALLAST
TYPE STARTER OPERATI ONAL OF EFFI CACY
& LAMP I NPUT VOLTAGE LAMPS FACTOR
32WF32 T8 rapid or 120 or 277 V 1 2.4
instant start 2 1.4
3 1.0
4 0.8

*For ballasts not specifically designed for use with diming controls

The BEF is cal cul ated using the fornul a:

BEF = Bal l ast Factor (in percent) / Power | nput

Where Power |nput = Total WAttage of Conbi ned Lanps and Bal |l asts.
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c. Lanpholders, Starters, and Starter Holders: UL 542.
2.11. 4 Hi gh- I ntensity-Di scharge

a. Fixture: NEMA LE 4 for ceiling conpatibility of recessed fixtures
and UL 1572.

b. Ballasts: ANSI C82.4 for nultiple supply types and UL 1029.
2.12 LOM VOLTAGE FUSES AND FUSEHOLDERS
2.12.1 Fuses, Low Voltage Cartridge Type
NEVA FU 1.
2.12.2 Fuses, High-Interrupting-Capacity, Current-Linmting Type
Fuses, Cass G J, L and CC shall be in accordance with UL 198C
2.12.3 Fuses, Cass K, Hi gh-Interrupting-Capacity Type
UL 198D
2.12. 4 Fuses, Class H
UL 198B
2.12.5 Fuses, Class R
UL 198E
2.12.6 Fuses, Class T
UL 198H
2.12. 7 Fuses for Supplenmentary Overcurrent Protection
UL 198G
2.12.8 Fuses, D-C for Industrial Use
UL 198L.
2.12.9 Fusehol ders
UL 512.
2.13 I NSTRUVENTS, ELECTRI CAL | NDI CATI NG
ANSI C39. 1.
2.14 MOTORS, AC, FRACTI ONAL AND | NTEGRAL
Motors, ac, fractional and integral kilowatt, 373.0 kW and smaller shal
conformto NEMA MG 1 and UL 1004for notors; NEMA MG 10 for energy

managenent sel ecti on of pol yphase notors; and UL 674 for use of notors in
hazardous (cl assified) |ocations.
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2.14. 1 Rat i ng

The kilowatt rating of notors should be linmted to no nore than 125
percent of the maxi num | oad being served unless a NEMA standard size does
not fall within this range. |In this case, the next |arger NEMA standard
not or size should be used.

2.14.2 Mot or Efficiencies

Al permanently wired pol yphase notors of 746 W or nore shall neet the
mnimumfull-load efficiencies as indicated in the follow ng table, and as
specified in this specification. Mtors of 746 W or nore with open, drip
proof or totally enclosed fan cool ed encl osures shall be high efficiency
type, unless otherwi se indicated. Mdtors provided as an integral part of
nmotor driven equi pnent are excluded fromthis requirenent if a mininum
seasonal or overall efficiency requirenent is indicated for that equi pnent
by the provisions of another section.

M ni mum Mot or Effici enci es

kw Std. Efficiency H gh Efficiency
0. 746 77.0 85.5
1.12 78.5 85.5
1.49 78.5 85.5
2.24 78.5 88.5
3.73 82.5 88.5
5. 60 84.0 90.0
7.46 85.5 90.0
11.2 85.5 91.0
14.9 87.5 92.0
18.7 88.5 92.0
22. 4 88.5 92.0
29.8 88.5 92.0
37.3 89.0 92.5
44.8 89.0 92.5
56. 9 89.0 95.5
74.6 90.0 93.5
93.3 91.0 94.5
112 91.0 94.5
149 91.0 94.5
187 91.0 94.5
224 91.0 94.5
261 91.0 94.5
298 91.0 94.5
373 91.0 94.5

2.15 MOTOR CONTROLS AND MOTOR CONTROL CENTERS

2.15.1 Gener a
NEMA ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508 and UL 845
Panel boards supplying non-1linear |oads shall have neutrals sized for 200
percent of rated current.

2.15.2 Motor Starters
Conmbi nation starters shall be provided with fusible switches, and switches

equi pped with high-interrupting-capacity current-liniting fuses as indicated.
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2.15.2.1 Reduced- Vol tage Starters

Reduced-vol tage starters shall be provided for pol yphase motors 15 kW or

| arger. Reduced-voltage starters shall be of the single-step
autotransforner, reactor, or resistor type having an adjustable tine

i nterval between application of reduced and full voltages to the notors.
We-delta reduced voltage starter or part wi nding increnent starter having
an adjustable tinme delay between application of voltage to first and second
wi ndi ng of notor may be used in lieu of the reduced voltage starters
speci fi ed above for starting of notor-generator sets, centrifugally
operated equi pnent or reciprocating conpressors provided with automatic

unl oaders.

2.15.3 Ther mal - Over | oad Protection

Each notor of 93 W or l|larger shall be provided with thermal -overl oad
protection. Polyphase notors shall have overload protection in each

ungr ounded conductor. The overl oad-protection device shall be provided
either integral with the notor or controller, or shall be nmounted in a
separate enclosure. Unless otherw se specified, the protective device
shall be of the manually reset type. Single or double pole tunbler

swi tches specifically designed for alternating-current operation only may
be used as manual controllers for single-phase notors having a current
rating not in excess of 80 percent of the switch rating.

2.15.4 Low Vol t age Motor Overl oad Rel ays
2.15.4.1 CGener a

Thermal and nmagnetic current overload relays shall conformto NEMA ICS 2
and UL 508. Overload protection shall be provided either integral with the
nmotor or motor controller, and shall be rated in accordance with the

requi renents of NFPA 70. Standard units shall be used for notor starting
times up to 7 seconds. Quick trip units shall be used on hernetically

seal ed, subnersible punps, and sinilar notors.

2.15.4.2 Construction

Manual reset type thernmal relay shall be binmetallic construction

Automatic reset type thermal relays shall be binmetallic construction
Magnetic current relays shall consist of a contact nechani smand a dash pot
nounted on a common frane.

2.15.4.3 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage.

Trip current ratings shall be established by selection of the replaceabl e
overl|l oad device and shall not be adjustable. Were the controller is
renotely-located or difficult to reach, an automatic reset, non-conpensated
overload relay shall be provided. Manual reset overload relays shall be
provi ded otherwi se, and at all |ocations where automatic starting is
provided. \here the notor is located in a constant anbient tenperature,
and the thernal device is located in an anbient tenperature that regularly
varies by nore than mnus 10 degrees C, an anbient tenperature-conpensated
overload relay shall be provided.

2.15.5 Aut omati ¢ Control Devices
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2.

15.5.1 Di rect Control

Automatic control devices (such as thernostats, float or pressure swtches)
whi ch control the starting and stopping of notors directly shall be
designed for that purpose and have an adequate kilowatt rating.

.15.5.2 Pil ot-Relay Contro

Wiere the automatic-control device does not have such a rating, a magnetic
starter shall be used, with the automatic-control device actuating the
pilot-control circuit.

.15.5.3 Manual / Aut omati ¢ Sel ecti on

a. \Were conbi nati on manual and automatic control is specified and
the autonmatic-control device operates the notor directly, a
doubl e-throw, three-position tunmbler or rotary switch (marked
MANUAL- OFF- AUTOVATI C) shal |l be provided for the manual control

b. \Were conbinati on manual and automatic control is specified and
the autonmatic-control device actuates the pilot control circuit of
a magnetic starter, the magnetic starter shall be provided with a
three-position selector switch marked MANUAL- OFF- AUTOVATI C

c. Connections to the selector switch shall be such that; only the
normal automatic regulatory control devices will be bypassed when
the switch is in the Manual position; all safety control devices,
such as | ow or high-pressure cutouts, high-tenperature cutouts,
and notor-overl oad protective devices, shall be connected in the
motor-control circuit in both the Manual and the Automatic
positions of the selector switch. Control circuit connections to
any MANUAL- OFF- AUTOVATIC switch or to nore than one automatic
regul atory control device shall be made in accordance with wiring
di agram approved by the Contracting O ficer unless such diagramis
i ncluded on the drawings. Al controls shall be 120 volts or |ess
unl ess ot herw se indicated.

.16 PANELBOARDS

Dead-front construction, NEMA PB 1 and UL 67.

.17 RECEPTACLES

.17.1 St andard G ade

UL 498.

.17.2 Ground Fault Interrupters

UL 943, dass A or B.

.17.3 NEMA St andard Receptacl e Configurations

NEMA VD 6.
a. Single and Dupl ex, 15-Ampere and 20- Anpere, 125 Volt

15-anpere, non-locking: NEMA type 5-15R, |ocking: NEMA type L5-15R
20-anpere, non-locking: NEMA type 5-20R |ocking: NEMA type L5-20R
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b. 15-Anpere, 250 Volt
Two- pol e, 3-wire groundi ng, non-locking: NEMA type 6-15R, |ocking: NEMA
type L6-15R  Three-pole, 4-wire grounding, non-locking: NEMA type 15-15R
| ocki ng: NEMA type L15-15R
c. 20-Ampere, 250 Volt
Two- pol e, 3-wire grounding, non-locking: NEMA type 6-20R, |ocking: NEMA
type L6-20R  Three-pole, 4-wire grounding, non-locking: NEMA type 15-20R
| ocki ng: NEMA type L15-20R
d. 30-Anmpere, 125/250 Volt
Three-pole, 3-wire, non-locking: NEMA type 10-30R, |ocking: NEMA type
L10-30R.  Three-pole, 4-wire grounding, non-locking: NEMA type 14-30R
| ocki ng: NEMA type L14-30R
e. 30-Ampere, 250 Volt
Two- pol e, 3-wire grounding, non-locking: NEMA type 6-30R, |ocking: NEMA
type L6-30R  Three-pole, 4-wire grounding, non-locking: NEMA type 15-30R
| ocki ng: NEMA type L15-30R
f. 50-Anpere, 125/250 Volt

Three-pole, 3-wire: NEMA type 10-50R.  Three-pole, 4-wire grounding: NEMA
type 14-50R

g. 50-Ampere, 250 Volt

Two- pol e, 3-wire grounding: NEMA type 6-50R. Three-pole, 4-wire
groundi ng: NEMA type 15-50R

2.18 Servi ce Entrance Equi pnent
UL 869A.
2.19  SPLICE, CONDUCTOR
UL 486C.
2.20 PONER- SW TCHGEAR ASSEMBLI ES | NCLUDI NG SW TCHBOARDS
2.20.1 Crcuit Breakers
Circuit breakers shall be insul ated-case, systens type circuit breakers.
2.20.2 Auxi | i ary Equi prent
2.20.2.1 I nstrunments

Instruments shall be long scale, 173 mm m ni mrum sem flush rectangul ar,
indicating or digital switchboard type, nounted at eye |evel.

a. Ameter, range 0 to 1200 anperes, conplete with selector switch
havi ng of f position and positions to read each phase current.
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2.

2.

2.

b. Voltneter, range 0 to 480 volts, conplete with selector switch
havi ng of f position and positions to read each phase to phase
vol t age.

20.2.2 Control Switch

A control switch with indicating lights shall be provided for each
el ectrically operated breaker

21 TRANSFORMERS

Singl e- and three-phase transforners shall have two w ndi ngs per phase.

Ful | -capacity standard NEMA taps shall be provided in the primary w ndi ngs
of transfornmers unless otherw se indicated. Three-phase transforners shal
be configured with delta-we w ndings, except as indicated. "T"
connections nmay be used for transformers rated 15 kVA or bel ow
Transformers supplying non-linear |oads shall be UL listed as suitable for
suppl ying such loads with a total K-factor not to exceed K-9 and have
neutrals sized for 200 percent of rated current.

.21.1 Transfornmers, Dry-Type

Transformers shall have 220 degrees C insulation systemfor transformers 15
kVA and greater, and shall have 180 degrees C insul ation system for
transfornmers rated 10 kVA and less, with tenperature rise not exceedi ng 150
degrees C under full-rated |oad in maxi num anbi ent tenperature of 40
degrees C. Transforner of 150 degrees C tenperature rise shall be capable
of carrying continuously 100 percent of naneplate kVA wi thout exceeding
insulation rating. Transforner of 115 degrees C tenperature rise shall be
capabl e of carrying continuously 115 percent of naneplate kVA w t hout
exceeding insulation rating. Transformer of 80 degrees C tenperature rise
shal | be capabl e of carrying continuously 130 percent of naneplate kVA

wi t hout exceeding insulation rating.

NEMA ST 20, UL 506, general purpose, dry-type, self-cooled, sealed or
epoxy-resin cast coil. Transforners shall be provided in NEMA 1 encl osure.
Transforners shall be quiet type with maxi num sound | evel at |east 3

deci bel s | ess than NEMA standard | evel for transforner ratings indicated.

.21.2 Average Sound Leve

The average sound level in decibels (dB) of transfornmers shall not exceed
the following dB Il evel at 300 mm for the applicable kVA rating range
listed unl ess otherw se indicated:

kVA Range dB Sound Leve
1-50 50
51- 150 55
151- 300 58
301- 500 60
501- 700 62
701- 1000 64
1001- 1500 65
1501 & above 70

22 WATTHOUR/ DEMAND METERS

Digital Meter Instrunentati on Package for a full-featured
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m cor processor-based, digital instrunent with direct conmunications
capability using an open conmuni cations protocol. Conply with the
fol | owi ng:

1. ANSI/I|EEE C37.90A-1989 Surge Wthstand and Fast Transient Test.
2. UL Listed
3. FCC Part 15 Subpart J for C ass A conputing devices.

2.22.1 Approved manufacturers include not limted to:

A.  Power Measurenent Conpany
B. Basic Measuring Instrunents.
C. Reliable Power Meters.

2.22.2 Meter Paraneters

A. The Digital Meter Instrunmentation Package shall be capabl e of neasuring
real -time neasured paraneters for Power and Energy for the follow ng:
1. Voltage (line-neutral) Va, Vb, Vc, Vaverage

Vol tage (line-line) Vab, Vbc, Vca, Vaverage
3 Vol t age Unbal ance %
4 Current la, Ib, lIc, laverage
5. Current Unbal ance %
6. Neutral Anps In
7 Real Power KWa, Kwh, KW, Kwt ot al
8 Reactive Power KVARa, KVARb, KVARc, KVARtota
9. Apparent Power KVAa, KVAb, KVAc, KVAtota
10. Real Energy KWH
11. Reactive Energy KVARH
12. Power Factor PFa, PFb, PFc, Pftota
13. Frequency Hz

B. The Digital Meter Instrunentation Package shall be capabl e of measuring
Harmonic Distortion for the foll ow ng:
1. Total Harnpnic Distortion THD for harnpnics 1 to 15.
2. Total Even Harnmonic Distortion HD
3. Total Odd Harnonic Distortion HD
4. |Individual Harnonic Distortion HD2 to HD15 for harnonics 2 to 15.

C. The Digital Meter Instrumentation Package shall be capabl e of neasuring
Thermal Denmands for Al real-time paraneters, including harnonic
distortion, with user-programmable | ength of demand peri od.

D. The Digital Meter Instrunentation Package shall be capable of sliding
wi ndow demands for up to 10 user-programmbl e | ength of denand and
sub- peri ods.

2.22.3 Met er Performance Features

A. The Digital Meter Instrumentation Package shall have true RVS
measur enent .

B. The Digital Meter Instrunentation Package shall connect directly to
PT's and CT's for systens up to 600 Volts

C. The Digital Meter Instrunentati on Package shall have a fourth current
i nput for measurement of ground or neutral current.

D. The Digital Meter Instrunentation Package shall have four optically
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i sol ated, self-excited, dry contact digital (status) inputs, capable of
noni toring breaker status, ground fault relay status, or any other dry
contact input.

E. The Digital Meter Instrunentation Package shall have three Form C dry
contact control relay outputs rated 277 VAC

2.22. 4 Met er Data Loggi ng

A. The Digital Meter Instrumentati on Package shall store in
non-vol atile menory the foll ow ng:

1. Atinme stanped alarm and event |log of up to 100 events which
records event date, tinme (to 1 mllisecond), event type, and val ue
for all over/under Iimt conditions, all status input activity,
and all relay operations.

2. A time-stanped nmaster mni mun maxi mum | og, which records the val ue
of any paraneter exceeding the previous hi ghest or | owest val ue
recorded.

3. Al setup data
2.22.5 Wavef or m Capture

A. The Digital Meter Instrunmentation Package shall have waveform capture
capability allow ng any of the voltage and current input channels to be
digitally sanpled at 128 sanples per 60 Hz cycle. Waveform capture
shall be stored in non-volatile nmenory.

B. The Digital Meter Instrunentation Package shall have waveform recordi ng
capability for all voltage and current input channels. Waveform
recording shall be free running, sanple all inputs at 16 sanples per

cycl e.
2.22.6 Met er Di spl ay

A. The Digital Meter Instrunmentation Package shall have a front pane
digital display consisting of LED s, Liquid Crystals, or
vacuum fl uorescent display. Wth a mninmumof six digit display.

B. The Digital Meter Instrunentation Package may include the use of
Desktop or Laptop PCif provided with the package.

2.22.7 Meter Serial Communi cations Port

A. The Digital Meter Instrunentati on Package shall have a seria
conmuni cations port with the follow ng features:

1. Switchable RS-232C and RS-485 capability
2. Addressable polling of multiple units.
3. Selectable transm ssion at 300 to 19, 200 baud.

2.22.8 Fi el d Programuabl e

A. The Digital Meter Instrunmentation Package shall be field programabl e
for the followi ng features:

1. Voltage input scale, Voltage nmode (wye, delta, single phase),

current input scale, auxiliary input and output scal es.
2. Al paraneters in subparagraph METER PARAMETERS above.
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B. The Digital Meter Instrunentation Package shall be field programmble
via the comuni cations port using a portable or renotely | ocated
comput er terninal

C. The programmi ng shall be password protected.
2.23 | NSTRUVENT TRANSFORMERS
2.23.1 Gener a

Instrunment transfornmers shall conply with ANSI Cl12.11 and | EEE ANSI /| EEE
C57.13. Instrunent transforners shall be configured for nounting in/on the
device to which they are applied. Polarity marks on instrunent
transformers shall be visually evident and shown on draw ngs.

2.23.2 Current Transforners

Unl ess ot herwi se indicated, bar, wound, or wi ndowtype transforners are
acceptabl e; and except for wi ndowtype units installed over insulated
buses, transforners shall have a BIL rating consistent with the rated BIL
of the associated switchgear or electric power apparatus bushings, buses or
conductors. Current transformers shall have the indicated ratios. The
continuous thermal -current rating factor shall be not less than 4.0. Oher
thermal and nechanical ratings of current transforner and their prinmary

| eads shall be coordinated with the design of the circuit breaker and shal
be not less than the nmonentary rating of the associated circuit breaker
Circuit protectors shall be provided across secondary | eads of the current
transforners to prevent the accidental open-circuiting of the transforners
whi |l e energi zed. Each termi nal of each current transforner shall be
connected to a short-circuiting termnal block in the circuit interrupting
mechani sm cabi net, power transfornmer termnal cabinet, and in the

associ ated instrument and rel ay cabinets.

2.23.2.1 Current Transformers for kWH and Demand Metering (Low Vol tage)

Current transfornmers shall conformto | EEE ANSI/| EEE C57.13. Provide
current transformers with a netering accuracy Cass of 0.3 through 1.5,
with a minimumRF of 4.0 at 30 degrees C, with 600-volt insulation, and 10
kV BIL. Provide butyl-nol ded, wi ndowtype current transforners nounted on
the transformer | owvoltage bushings. Route current transforner leads in a
| ocation as renpte as possible fromthe power transforner secondary cables
to pernmit current nmeasurenents to be taken in the current transforner

cabi net .

2.24 W RI NG DEVI CES

NEVMA WD 1 for wiring devices, and NEMA WD 6 for di nensional requirenents of
W ring devices.

2.25 LI QUI D- DI ELECTRI CS

Liquid dielectrics for transforners, capacitors, and other liquid-filled
el ectrical equipnent shall be non-pol ychl orinated bi phenyl (PCB) m nera
oil or less flammable liquid as specified. Nonflammble fluids shall not
be used. Tetrachl oroethyl ene (perchloroethylene) and 1, 2, 4

trichl orobenzene fluids shall be certified by the manufacturer as having
less than 2 parts per million (ppnm) PCB content. 1In lieu of the
manufacturer’s certification, the Contractor may submit a test sanple of
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the dielectric in accordance with ASTM D 4059 at a testing facility
approved by the Contracting Oficer. Equipnent with test results
i ndi cating PCB | evel exceeding 2 ppmshall be repl aced.

2.26 PHOTOCELL/ TI ME CLOCK SYSTEMS

Phot ocel | (s) shall be spec grade, have built-in delay of up to two m nutes
to prevent false switching. Photocell shall be constructed of die cast
zinc, and be gasketed for weather protection. Cell shall be cadm um

sul phi de, epoxy coated and 25 nmdianmeter. Contacts shall be normally
closed, and shall fail in the ON position. Unit shall be capable of

wi t hst andi ng tenperatures of -40 degree Cto 60 degree C. Wring shall be
#16 AWB (mininum rated for 105 degree C, and shall have a fixed base for
nount i ng.

2.27 GROUND BUS BAR/ EQUI POTENTI AL GROUND PLANE
2.27.1 Ground Bus Bar

Ground bus bar(s) shall be predrilled copper bus bar provided with standard
bolt hole sizing and spacing. Bus bar shall be 6 nmthick by 100 nm w de,
| ength determ ned by requirenents of project plus 100 percent for growht.

2.27.2 Equi potential G ound Pl ane

Equi potenti al ground plane(s) shal be copper-clad steel nesh with brazed
crossovers. Mesh spacing shall be 100 mm (maxi mum), wire size shall be #6
AWG. Mesh shall be enbedded in concrete flooring at depth and in
accordance with mesh manufacturer’s installation instructions. Coordinate
with work of Section 03300 CAST-I N PLACE STRUCTURAL CONCRETE.

PART 3 EXECUTI ON
3.1 GROUNDI NG

Groundi ng shall be in conformance with NFPA 70, the contract draw ngs, and
the follow ng specifications.

3.1.1 G ound Rods

The resistance to ground shall be neasured using the fall-of-potentia

nmet hod described in |EEE Std 81. The maxi numresi stance of a driven ground
shal | not exceed 25 ohns under nornally dry conditions. |If this resistance
cannot be obtained with a single rod, provide four additional rods not |ess
than 1.8 neters on centers. |In high-ground-resistance, UL listed
chenmically charged ground rods may be used. |f the resultant resistance
exceeds 25 ohms neasured not |ess than 48 hours after rainfall, the
Contracting O ficer shall be notified i mediately. Connections bel ow grade
shal | be fusion welded. Connections above grade shall be fusion welded or
shal | use UL 467 approved connectors.

3.1.2 G ound Bus

Ground bus shall be provided as indicated. Noncurrent-carrying netal parts
of electrical equipnent shall be effectively grounded by bonding to the
ground bus. The ground bus shall be bonded to both the entrance ground,
and to a ground rod or rods as specified above having the upper ends

term nati ng approxi mately 100 nm above the floor. Connections and splices
shall be of the brazed, wel ded, bolted, or pressure-connector type, except
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that pressure connectors or bolted connections shall be used for
connections to renovabl e equi pnent. For raised floor equi pnent roons in
conput er and data processing centers, a mninmmof 4, one at each corner
mul ti pl e groundi ng systens shall be furnished. Connections shall be bolted
type in lieu of thernoweld, so they can be changed as required by additions
and/or alterations.

3.1.3 Groundi ng Conductors

A green equi pnent groundi ng conductor, sized in accordance with NFPA 70
shal | be provided, regardl ess of the type of conduit. Equipnment grounding
bars shall be provided in all panel boards. The equi prrent groundi ng
conductor shall be carried back to the service entrance grounding
connection or separately derived groundi ng connection. All equipnent
groundi ng conductors, including netallic raceway systens used as such
shal | be bonded or joined together in each wiring box or equipnent

encl osure. Metallic raceways and groundi ng conductors shall be checked to
assure that they are wired or bonded into a conmon junction. Metallic
boxes and enclosures, if used, shall also be bonded to these grounding
conductors by an approved neans per NFPA 70. Wen boxes for receptacles,
switches, or other utilization devices are installed, any designated
grounding termnal on these devices shall also be bonded to the equi pnent
groundi ng conductor junction with a short junper.

3.2 W RI NG METHODS

Wring shall conformto NFPA 70, the contract draw ngs, and the follow ng
specifications. Unless otherw se indicated, wiring shall consist of

i nsul ated conductors installed in rigid zinc-coated steel conduit

electrical nmetallic tubing. Were cables and wires are installed in cable
trays, they shall be of the type permitted by NFPA 70 for use in such
applications. Wre fill in conduits shall be based on NFPA 70 for the type
of conduit and wire insulations specified.

3.2.1 Conduit and Tubi ng Systens

Conduit and tubing systens shall be installed as indicated. Conduit sizes
shown are based on use of copper conductors with insulation types as
described in paragraph WRING METHODS. M ni mum si ze of raceways shall be 16
nm Only nmetal conduits will be permitted when conduits are required for
shi el di ng or other special purposes indicated, or when required by
conformance to NFPA 70. Nonnetallic conduit and tubing nay be used in
danp, wet or corrosive |locations when permtted by NFPA 70 and the conduit
or tubing systemis provided with appropri ate boxes, covers, clanps, screws
or other appropriate type of fittings. Electrical netallic tubing (EM)
may be installed only within buildings. EM may be installed in concrete
and grout in dry locations. EM installed in concrete or grout shall be
provided with concrete tight fittings. EMI shall not be installed in danp
or wet locations, or the air space of exterior masonry cavity walls.
Bushi ngs, manufactured fittings or boxes providing equival ent neans of
protection shall be installed on the ends of all conduits and shall be of
the insulating type, where required by NFPA 70. Only UL listed adapters
shall be used to connect EMI to rigid netal conduit, cast boxes, and
conduit bodies. Alum numconduit nmay be used only where installed exposed
in dry locations. Nonal um num sl eeves shall be used where al um num condui t
passes through concrete floors and firewalls. Penetrations of above grade
floor slabs, time-rated partitions and fire walls shall be firestopped in
accordance with Section 07840 FI RESTOPPI NG Except as ot herw se specified,
| MC may be used as an option for rigid steel conduit in areas as pernitted
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by NFPA 70. Raceways shall not be installed under the firepits of boilers
and furnaces and shall be kept 150 mm away from parallel runs of fl ues,

st eam pi pes and hot-water pipes. Raceways shall be concealed wthin
finished walls, ceilings, and floors unless otherwi se shown. Raceways
crossing structural expansion joints or seismc joints shall be provided
with suitable expansion fittings or other suitable nmeans to conpensate for
t he buil di ng expansion and contraction and to provide for continuity of
grounding. Wring installed in raised floor areas shall be suitable for
installation in wet |ocations.

3.2.1.1 Pull Wres

A pull wire shall be inserted in each enpty raceway in which wiring is to
be installed if the raceway is nore than 15 neters in length and contains
nore than the equival ent of two 90-degree bends, or where the raceway is
nore than 45 nmeters in length. The pull wire shall be of No. 14 AWG
zinc-coated steel, or of plastic having not less than 1.4 MPa tensile
strength. Not less than 254 mm of slack shall be left at each end of the
pull wre.

3.2.1.2 Condui t St ub- Ups

Where conduits are to be stubbed up through concrete floors, a short el bow
shal|l be installed below grade to transition fromthe horizontal run of
conduit to a vertical run. A conduit coupling fitting, threaded on the

i nside shall be installed, to allowtermnating the conduit flush with the
finished floor. Wring shall be extended in rigid threaded conduit to

equi pmrent, except that where required, flexible conduit nay be used 150 mm
above the floor. Enpty or spare conduit stub-ups shall be plugged flush
with the finished floor with a threaded, recessed pl ug.

3.2.1.3 Bel ow Sl ab-on-Grade or in the G ound

El ectrical wiring bel ow sl ab-on-grade shall be protected by a conduit
system Conduit passing vertically through slabs-on-grade shall be rigid
steel. Rigid steel conduits installed bel ow sl ab-on-grade or in the earth
shall be field wapped with 0.254 nm thick pipe-wapping plastic tape
applied with a 50 percent overlay, or shall have a factory-applied

pol yvinyl chloride, plastic resin, or epoxy coating system

3.2.1. 4 Installing in Slabs Including Slabs on G ade

Conduit installed in slabs-on-grade shall be rigid steel. Conduits shal

be installed as close to the mddle of concrete slabs as practicable

wi t hout disturbing the reinforcenent. CQutside dianmeter shall not exceed
1/3 of the slab thickness and conduits shall be spaced not closer than 3

di ameters on centers except at cabinet |ocations where the slab thickness
shal | be increased as approved by the Contracting Oficer. \Were conduit
is run parallel to reinforcing steel, the conduit shall be spaced a m ni mum
of one conduit dianeter away but not less than 25.4 nmm fromthe

rei nforcing steel

3.2.1.5 Changes in Direction of Runs

Changes in direction of runs shall be nade with symmetrical bends or
cast-netal fittings. Field-mde bends and offsets shall be nade with an
approved hi ckey or conduit-bendi ng nachine. Crushed or deforned raceways
shall not be installed. Trapped raceways in danp and wet |ocations shall be
avoi ded where possible. Lodgnment of plaster, dirt, or trash in raceways,
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boxes, fittings and equi pnent shall be prevented during the course of
construction. C ogged raceways shall be cleared of obstructions or shal
be repl aced.

3.2.1.6 Supports

Metallic conduits and tubing,and the support systemto which they are
attached, shall be securely and rigidly fastened in place to prevent
vertical and horizontal novenent at intervals of not nore than 3 neters
and within 900 mm of boxes, cabinets, and fittings, with approved pipe
straps, wall brackets, conduit clanps, conduit hangers, threaded C clanps,
beam cl anps, or ceiling trapeze. Loads and supports shall be coordinated
with supporting structure to prevent danage or deformation to the
structure. Loads shall not be applied to joist bridging. Attachnent shal
be by wood screws or screwtype nails to wood; by toggle bolts on holl ow
masonry units; by expansion bolts on concrete or brick; by nmachine screws,
wel ded t hreaded studs, heat-treated or spring-steel-tension clanps on stee
work. Nail-type nylon anchors or threaded studs driven in by a powder
charge and provided with | ock washers and nuts nmay be used in |lieu of
expansi on bolts or machine screws. Raceways or pipe straps shall not be
wel ded to steel structures. Cutting the main reinforcing bars in

rei nforced concrete beans or joists shall be avoided when drilling holes
for support anchors. Holes drilled for support anchors, but not used,
shall be filled. |In partitions of |ight steel construction, sheet-netal

screws may be used. Raceways shall not be supported using wire or nylon
ties. Raceways shall be independently supported fromthe structure. Upper
raceways shall not be used as a neans of support for |ower raceways.
Supporting means shall not be shared between electrical raceways and
nmechani cal piping or ducts. Cables and raceways shall not be supported by
ceiling grids. Except where permitted by NFPA 70, wiring shall not be
supported by ceiling support systens. Conduits shall be fastened to

sheet -netal boxes and cabinets with two | ocknuts where required by NFPA 70,
where insul ati ng bushings are used, and where bushi ngs cannot be brought
into firmcontact with the box; otherw se, a single I ocknut and bushi ng may
be used. Threadless fittings for electrical nmetallic tubing shall be of a
type approved for the conditions encountered. Additional support for

hori zontal runs is not required when EMI rests on steel stud cutouts.

3.2.1.7 Exposed Raceways

Exposed raceways shall be installed parallel or perpendicular to walls,
structural nenbers, or intersections of vertical planes and ceilings.
Raceways under raised floors and above accessible ceilings shall be

consi dered as exposed installations in accordance with NFPA 70 definitions.

3.2.1.8 Exposed Risers

Exposed risers in wire shafts of nultistory buildings shall be supported by
U-cl anp hangers at each floor level, and at intervals not to exceed 3
neters.

3.2.1.9 Conmruni cati ons Raceways

Conmruni cati ons raceways indicated shall be installed in accordance with the
previous requirenents for conduit and tubing and with the additiona
requirenent that no length of run shall exceed 15 neters for 16 mm and 21
mm sizes, and 30 nmeters for 25 mm or larger sizes, and shall not contain
nore than two 90-degree bends or the equivalent. Additional pull or
junction boxes shall be installed to conply with these linitations whether
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or not indicated. Inside radii of bends in conduits of 27 nm size or
| arger shall not be less than ten tines the nom nal dianeter.

3.2.2 Cabl e Trays

Cabl e trays shall be supported in accordance with the recommendati ons of
the manufacturer but at no nore than 1.8 neter intervals. Contact
surfaces of alum num connections shall be coated with an anti oxi dant
conmpound prior to assenbly. Adjacent cable tray sections shall be bonded
toget her by connector plates of an identical type as the cable tray
sections. The Contractor shall submt the nmanufacturer’s certification
that the cable tray systemneets all requirenments of Article 318 of NFPA 70.
The cable tray shall be installed and grounded in accordance with the
provisions of Article 318 of NFPA 70. Data submtted by the Contractor
shal | denonstrate that the conpleted cable tray systens will conply with
the specified requirenents. Cable trays shall termnate 250 nm from both
sides of snoke and fire partitions. Conductors run through snoke and fire
partitions shall be installed in 103 mm rigid steel conduits with
groundi ng bushi ngs, extending 300 nm beyond each side of the partitions.
The installation shall be sealed to preserve the snoke and fire rating of
the partitions. Penetrations shall be firestopped in accordance with
Section 07840 FI RESTOPPI NG

3.2.3 Cabl es and Conductors

Installation shall conformto the requirenents of NFPA 70. Covered, bare
or insulated conductors of circuits rated over 600 volts shall not occupy
the sane equi pnent wiring enclosure, cable, or raceway with conductors of
circuits rated 600 volts or |ess.

3.2.3.1 Si zi ng

Unl ess otherwi se noted, all sizes are based on copper conductors and the

i nsul ation types indicated. Sizes shall be not |ess than indicated.
Branch-circuit conductors shall be not snmaller than No. 12 AWG  Conductors
for branch circuits of 120 volts nore than 30 neters |long and of 277 volts
nore than 70 neters long, frompanel to | oad center, shall be no smaller
than No. 10 AWc Class 1 renpte control and signal circuit conductors
shall be not less than No. 14 AW Class 2 renote control and signa
circuit conductors shall be not less than No. 16 AWG C ass 3 | ow energy,
renote-control and signal circuits shall be not less than No. 22 AWG

3.2.3.2 Use of Al um num Conductors in Lieu of Copper
Al um num conductors shall not be used.
3.2.3.3 Cabl e Systens

Cabl e systens shall be installed where indicated. Cables shall be
installed conceal ed behind ceiling or wall finish where practicable.

Cabl es shall be threaded through hol es bored on the approximate centerline
of wood menbers; notching of surfaces will not be pernmitted. Sleeves shal
be provided through bond beans of masonry-block walls for threading cables
t hrough hol | ow spaces. Exposed cables shall be installed parallel or at
right angles to walls or structural nenbers. In roons or areas not
provided with ceiling or wall finish, cables and outlets shall be installed
so that a roomfinish nmay be applied in the future wi thout disturbing the
cables or resetting the boxes. Exposed nonnetallic-sheathed cables |ess
than 1.2 neters above floors shall be protected from nmechanical injury by
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installation in conduit or tubing.
3.2.3.4 M neral -1 nsul ated Cabl e

M neral -i nsul ated, netal -sheat hed cabl e system Type M, nay be used in
lieu of exposed conduit and wiring. Conductor sizes shall be not |ess than
t hose indicated for the conduit installation. Cables shall be fastened
within 305 mm of each turn or offset and at intervals of not nore than 1.8
neters. Cabl e term nations shall be nmade in accordance with

manuf acturer’s reconmendati ons.

3.2.3.5 Cabl e Splicing

Splices shall be nade in an accessible location. Crinping tools and dies
shal | be approved by the connector manufacturer for use with the type of
connect or and conduct or.

a. Copper Conductors, 600 Volt and Under: Splices in conductors No.
10 AWG and snal |l er dianmeter shall be made with an insul ated,
pressure-type connector. Splices in conductors No. 8 AWG and
| arger dianmeter shall be made with a sol derl ess connector and
insulated with tape or heat-shrink type insulating materia
equi val ent to the conductor insulation

b. G eater Than 600 Volt: Cable splices shall be nade in accordance
with the cabl e manufacturer’s recomendati ons and Section 16375
ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND.

3.2.3.6 Conductor Identification and Taggi ng

Power, control, and signal circuit conductor identification shall be
provided within each enclosure where a tap, splice, or termnation is nade.
Where several feeders pass through a comon pull box, the feeders shall be
tagged to indicate clearly the electrical characteristics, circuit nunber,
and panel designation. Phase conductors of |ow voltage power circuits
shal|l be identified by color coding. Phase identification by a particular
col or shall be maintained continuously for the length of a circuit,

i ncludi ng junctions.

a. Color coding shall be provided for service, feeder, branch, and
ground conductors. Color shall be green for grounding conductors
and white for neutrals; except where neutrals of nore than one
systemare installed in the sane raceway or box, other neutra
shall be white with colored (not green) stripe. The color coding
for 3-phase and singl e-phase | ow voltage systens shall be as
fol | ows:

120/ 208-vol t, 3-phase: Black(A), red(B), and blue(Q
277/ 480-volt, 3-phase: Brown(A), orange(B), and yell ow(C).

b. Conductor phase and voltage identification shall be made by
col or-coded insulation for all conductors snmaller than No. 6 AWG
For conductors No. 6 AWG and |l arger, identification shall be nmade
by col or-coded insulation, or conductors with black insulation my
be furnished and identified by the use of half-|apped bands of
colored electrical tape wapped around the insulation for a
m ni mum of 75 nmm of |ength near the end, or other method as
submitted by the Contractor and approved by the Contracting
Oficer.
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c. Control and signal circuit conductor identification shall be made
by col or-coded insul ated conductors, plastic-coated self-sticking
printed markers, pernmanently attached stanped netal foil markers,
or equival ent neans as approved. Control circuit terninals of
equi pnent shall be properly identified. Term nal and conductor
identification shall match that shown on approved detail draw ngs.

Hand lettering or marking is not acceptable.

3.3 BOXES AND SUPPCORTS

Boxes shall be provided in the wiring or raceway systenms where required by
NFPA 70 for pulling of wires, naking connections, and nounting of devices
or fixtures. Pull boxes shall be furnished with screw fastened covers.

I ndi cated el evations are approxi nate, except where mini num nounting heights
for hazardous areas are required by NFPA 70. Unless otherw se indicated,
boxes for wall switches shall be nounted 1.2 neters above finished floors.
Swi tch and outl et boxes |ocated on opposite sides of fire rated walls
shal | be separated by a m ni mum hori zontal distance of 600 nm The tota
conbi ned area of all box openings in fire rated walls shall not exceed
0.0645 square neters per 9.3 square neters. Maxi mum box areas for

i ndi vidual boxes in fire rated walls vary with the manufacturer and shal
not exceed the nmaxi num specified for that box in UL Elec Const Dir. Only
boxes listed in UL Elec Const Dir shall be used in fire rated walls.

3.3.1 Box Applications

Each box shall have not |ess than the volume required by NFPA 70 for number
of conductors enclosed in box. Boxes for netallic raceways, 102 by 102 nmm
nom nal size and snaller, shall be of the cast-netal hub type when |ocated
in nornmally wet |ocations, when flush and surface nounted on outside of
exterior surfaces, or when located in hazardous areas. Cast-netal boxes
installed in wet |ocations and boxes installed flush with the outside of
exterior surfaces shall be gasketed. Boxes for nmounting lighting fixtures
shall be not less than 102 nm square, or octagonal, except snaller boxes
may be installed as required by fixture configuration, as approved.
Cast-netal boxes with 2.4 mm wall thickness are acceptable. Large size
boxes shall be NEMA 1 or as shown. Boxes in other |ocations shall be sheet
steel except that al um num boxes nmay be used with al um num conduit, and
nonnetal I i ¢ boxes may be used with nonnetallic conduit and tubing or
nonnetal I i ¢ sheathed cabl e system when permitted by NFPA 70. Boxes for
use in masonry-block or tile walls shall be square-cornered, tile-type, or
standard boxes havi ng square-cornered, tile-type covers.

3.3.2 Brackets and Fasteners

Boxes and supports shall be fastened to wood with wood screws or screwtype
nails of equal holding strength, with bolts and netal expansion shields on
concrete or brick, with toggle bolts on hollow masonry units, and with
machi ne screw or wel ded studs on steel work. Threaded studs driven in by
powder charge and provided with | ockwashers and nuts, or nail-type nylon
anchors nmay be used in lieu of expansion shields, or nachi ne screws.
Penetration of nmore than 38.1 mm into reinforced-concrete beanms or nore
than 19.1 mm into reinforced-concrete joists shall avoid cutting any nain
reinforcing steel. The use of brackets which depend on gypsum wal | board or
pl asterboard for primary support will not be permitted. In partitions of
light steel construction, bar hangers with 25 nm 1|ong studs, nounted

bet ween nmetal wall studs or netal box nounting brackets shall be used to
secure boxes to the building structure. Wen netal box nounting brackets
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are used, additional box support shall be provided on the side of the box
opposite the brackets. This additional box support shall consist of a

m ni mum 300 mm | ong section of wall stud, bracketed to the opposite side
of the box and secured by two screws through the wall board on each side of
the stud. Metal screws may be used in lieu of the nmetal box nounting
bracket s.

3.3.3 Mounting in Walls, Ceilings, or Recessed Locations

In walls or ceilings of concrete, tile, or other non-conbustible materi al
boxes shall be installed so that the edge of the box is not recessed nore
than 6 mm fromthe finished surface. Boxes nounted in conbustible walls
or ceiling material shall be nounted flush with the finished surface. The
use of gypsumor plasterboard as a nmeans of supporting boxes will not be
permitted. Boxes installed for concealed wiring shall be provided with
sui tabl e extension rings or plaster covers, as required. The bottom of
boxes installed in masonry-block walls for concealed wiring shall be
mounted flush with the top of a block to nminimze cutting of the bl ocks,
and boxes shall be located horizontally to avoid cutting webs of bl ock
Separ ate boxes shall be provided for flush or recessed fixtures when
required by the fixture terminal operating tenperature, and fixtures shal
be readily renovable for access to the boxes unless ceiling access panels
are provided.

3.3.4 Installation in Overhead Spaces

I n open overhead spaces, cast-netal boxes threaded to raceways need not be
separately supported except where used for fixture support; cast-netal
boxes havi ng t hreadl ess connectors and sheet netal boxes shall be supported
directly fromthe building structure or by bar hangers. Hangers shall not
be fastened to or supported fromjoist bridging. Were bar hangers are
used, the bar shall be attached to raceways on opposite sides of the box
and the raceway shall be supported with an approved type fastener not nore
than 600 nm fromthe box.

3.4 DEVI CE PLATES

One- pi ece type device plates shall be provided for all outlets and
fittings. Plates on unfinished walls and on fittings shall be of
zinc-coated sheet steel, cast-netal, or inpact resistant plastic having
rounded or bevel ed edges. Plates on finished walls shall be of steel with
baked enanel finish or inpact-resistant plastic and shall be ivory. Screws
shall be of nmetal with countersunk heads, in a color to match the finish of
the plate. Plates shall be installed with all four edges in continuous
contact with finished wall surfaces w thout the use of mats or sinmilar
devices. Plaster fillings will not be permitted. Plates shall be installed
with an alignnent tolerance of 1.6 mMm The use of sectional-type device
plates will not be permitted. Plates installed in wet |ocations shall be
gasketed and provided with a hinged, gasketed cover, unless otherw se
speci fi ed.

3.5 RECEPTACLES

3.5.1 Si ngl e and Dupl ex, 20-anpere, 125 volt
Singl e and dupl ex receptacles shall be rated 20 anperes, 125 volts,
two-pole, three-wire, grounding type with polarized parallel slots. Bodies

shall be of ivory to match color of switch handles in the same roomor to
harnoni ze with the color of the respective wall, and supported by nounting
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strap having plaster ears. Contact arrangenent shall be such that contact
is made on two sides of an inserted blade. Receptacle shall be side- or
back-wired with two screws per terminal. The third grounding pole shall be
connected to the netal mounting yoke. Receptacles with ground fault
circuit interrupters shall have the current rating as indicated, and shal
be UL O ass A type unless otherwise shown. Gound fault circuit protection
shal | be provided as required by NFPA 70 and as indicated on the draw ngs.

3.5.2 Weat her proof Applications

Weat her proof receptacles shall be suitable for the environnent, danp or wet
as applicable, and the housings shall be labeled to identify the allowabl e
use. Receptacles shall be nmarked in accordance with UL 514A for the type
of use indicated; "Danp locations", "Wt Locations", "Wt Location Only
When Cover O osed". Assenblies shall be installed in accordance with the
manuf acturer’s recommendati ons.

3.5.2.1 Danp Locati ons

Receptacles in danp locations shall be nounted in an outlet box with a
gasket ed, weat herproof, cast-netal cover plate (device plate, box cover)
and a gasketed cap (hood, receptacle cover) over each receptacle opening.
The cap shall be either a screwon type permanently attached to the cover
plate by a short length of bead chain or shall be a flap type attached to
the cover with a spring | oaded hi nge.

3.5.2.2 Wet Locations

Receptacles in wet |ocations shall be installed in an assenbly rated for
such use whether the plug is inserted or w thdrawn, unless otherw se
indicated. In a duplex installation, the receptacle cover shall be
configured to shield the connections whether one or both receptacles are in
use.

3.5.3 Recept acl es, 20- Amrpere, 250-Volt

Recept acl es, single, 20-anpere, 250-volt, shall be ivory nolded plastic,
two-pole, three-wire or three-pole, four-wire, grounding type conplete with
appropriate mating cord-grip plug.

3.5.4 Recept acl es, 30- Anpere, 125/250-Volt

Recept acl es, single, 30-anpere, 125/250-volt, shall be nol ded-plastic,
three-pole, four-wire, grounding type, conplete with appropriate mating
cord-grip type attachnment plug.

3.5.5 Recept acl es, 30- Amrpere, 250-Volt

Recept acl es, single, 30-anpere, 250-volt, shall be nol ded-plastic,
three-pole, three-wire type, conplete with appropriate mating cord-grip
pl ug.

3.5.6 Speci al - Pur pose or Heavy-Duty Receptacl es

Speci al - purpose or heavy-duty receptacles shall be of the type and of

rati ngs and nunber of poles indicated or required for the anticipated
purpose. Contact surfaces nay be either round or rectangular. One
appropriate straight or angle-type plug shall be furnished with each
receptacle. Locking type receptacles, rated 30 anperes or |less, shall be
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3.

| ocked by rotating the plug. Locking type receptacles, rated nore than 50
anperes, shall utilize a locking ring.

.6 WALL SW TCHES

Wall switches shall be of the totally enclosed tunbler type. The wall
switch handle and switch plate color shall be ivory. Wring termnals
shal |l be of the screw type or of the solderless pressure type having

sui tabl e conductor-rel ease arrangenent. Not nore than one switch shall be
installed in a single-gang position. Switches shall be rated 20-anpere 120
-volt for use on alternating current only. Pilot lights indicated shal
consi st of yoke-nmounted candel abra-base sockets rated at 75 watts, 125
volts, and fitted with glass or plastic jewels. A clear 6-watt |anp shal
be furnished and installed in each pilot switch. Jewels for use with
switches controlling notors shall be green, and jewels for other purposes
shall be red. Dimming switches shall be solid-state flush nounted, sized
for the | oads.

T SERVI CE EQUI PMENT

Servi ce-di sconnecti ng neans shall be of the type indicated Wen service

di sconnecting neans is a part of an assenbly, the assenbly shall be listed
as suitable for service entrance equi pnent. Enclosures shall be sheet
metal with hinged cover for surface nounting unl ess otherw se indicat ed.

. 8 PANELBOARDS AND LOADCENTERS

Circuit breakers and switches used as a notor disconnecting neans shall be
capabl e of being |ocked in the open position. Door |ocks shall be keyed
ali ke. Nanmepl ates shall be as approved. Directories shall be typed to

i ndi cate | oads served by each circuit and nounted in a hol der behind a
clear protective covering. Busses shall be copper

.8.1 Loadcent er s

Loadcenters shall be circuit breaker equi pped.

.8.2 Panel boar ds

Panel boards shall be circuit breaker equi pped as indicated on the draw ngs.
Swi tches serving as a notor di sconnect neans shall be of the tunbler
switch and fuse type. Switches serving as notor di sconnect neans shall be
hor sepower rated in confornmance with UL 98.

.9 FUSES

Equi prent provi ded under this contract shall be provided with a conplete
set of properly rated fuses when the equi pmrent manufacturer utilize fuses
in the manufacture of the equipnent, or if current-limting fuses are
required to be installed to limt the anpere-interrupting capacity of
circuit breakers or equipnent to | ess than the maxi num avail abl e fault
current at the location of the equipnent to be installed. Fuses shall have
a voltage rating of not |less than the phase-to-phase circuit voltage, and
shal |l have the tine-current characteristics required for effective power
system coordination. Tinme-delay and non-tine-delay options shall be as
shown.

10 UNDERGROUND SERVI CE

SECTI ON 16415 Page 41



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

Unl ess otherwi se indicated, interior conduit systens shall be stubbed out
1.5 m beyond the building wall and 600 mm bel ow fini shed grade, for
interface with the exterior service lateral conduits and exterior
communi cati ons conduits. Qutside conduit ends shall be bushed when used
for direct burial service lateral conductors. Qutside conduit ends shall be
capped or plugged until connected to exterior conduit systens. Underground
service lateral conductors will be extended to building service entrance
and ternmnated in accordance with the requirenments of Section 16375
ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND and NFPA 70.

3.11 MOTCORS

Each notor shall conformto the kW and voltage ratings indicated, and
shal | have a service factor and other characteristics that are essential to
t he proper application and performance of the nmotors under conditions shown
or specified. Three-phase notors for use on 3-phase 208-volt systens shal
have a nameplate rating of 200 volts. Unless otherw se specified, al
notors shall have open frames, and continuous-duty classification based on
a 40 degree C anbient tenperature reference. Polyphase notors shall be
squirrel -cage type, having nornal-starting-torque and | owstarting-current
characteristics, unless other characteristics are specified in other
sections of these specifications or shown on contract draw ngs. The
Contractor shall be responsible for selecting the actual kil owatt ratings
and other notor requirenments necessary for the applications indicated.

When el ectrically driven equi pnent furni shed under other sections of these
specifications materially differs fromthe design, the Contractor shal

make the necessary adjustnments to the wiring, disconnect devices and
branch-circuit protection to accommpdate the equi prent actually installed

3.12 MOTOR CONTROL

Each notor or group of notors requiring a single control shall be provided
under other sections of these specifications with a suitable controller and
devices that will performthe functions as specified for the respective
notors. Each nmotor of 93 W or larger shall be provided with

t hermal - overl oad protection. Polyphase notors shall have overl oad
protection in each ungrounded conductor. The overl oad-protection device
shal | be provided either integral with the notor or controller, or shall be
nounted in a separate enclosure. Unless otherw se specified, the
protective device shall be of the manually reset type. Single or double
pol e tunbler switches specifically designed for alternating-current
operation only may be used as manual controllers for single-phase notors
having a current rating not in excess of 80 percent of the switch rating.
Automatic control devices such as thernostats, float or pressure sw tches
may control the starting and stopping of notors directly, provided the

devi ces used are designed for that purpose and have an adequate kil owatt
rating. Wen the automatic-control device does not have such a rating, a
magnetic starter shall be used, with the autonatic-control device actuating
the pilot-control circuit. Wen conbination nanual and automatic contro

is specified and the automatic-control device operates the notor directly,
a doubl e-throw, three-position tunbler or rotary switch shall be provided
for the manual control; when the automatic-control device actuates the
pilot control circuit of a magnetic starter, the latter shall be provided
with a three-position selector switch marked MANUAL- OFF- AUTOVATI C.
Connections to the selector switch shall be such that only the norma
autonmatic regul atory control devices will be bypassed when the switch is in
the Manual position; all safety control devices, such as |ow or

hi gh- pressure cutouts, high-tenperature cutouts, and notor-overl oad
protective devices, shall be connected in the notor-control circuit in both
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the Manual and the Autonmtic positions of the selector switch. Contro
circuit connections to any MANUAL- OFF- AUTOVATIC switch or to nore than one
automatic regul atory control device shall be nmade in accordance with wring
di agram approved by the Contracting Oficer unless such diagramis included
on the drawings. Al controls shall be 120 volts or |ess unless otherw se

i ndi cat ed.

3.12.1 Reduced- Vol t age Controllers

Reduced- vol tage controllers shall be provided for pol yphase notors 15 kW
or larger. Reduced-voltage starters shall be of the single-step
autotransforner, reactor, or resistor type having an adjustable tine

i nterval between application of reduced and full voltages to the notors.
We-delta reduced voltage starters or part winding increment starters
havi ng an adjustable tine delay between application of voltage to first and
second wi nding of notor may be used in lieu of the reduced voltage starters
speci fi ed above for starting of notor-generator sets, centrifugally
operated equi pnent or reciprocating conpressors provided with automatic

unl oaders.

3.12.2 Cont act s

Unl ess otherwi se indicated, contacts in mscellaneous control devices such
as float switches, pressure switches, and auxiliary relays shall have
current and voltage ratings in accordance with NEMA ICS 2 for rating

desi gnati on B300.

3.12.3 Saf ety Controls

Safety controls for boilers shall be connected to a 2-wire, 120 volt
grounded circuit supplied fromthe associ ated boil er-equi pment circuit.
Where the boiler circuit is nore than 120 volts to ground, safety controls
shal | be energized through a two-w nding transformer having its 120 volt
secondary w ndi ng grounded. Overcurrent protection shall be provided in

t he ungrounded secondary conductor and shall be sized for the |oad
encount er ed.

3.13 MOTOR- DI SCONNECT MEANS

Each notor shall be provided with a di sconnecti ng nmeans when required by
NFPA 70 even though not indicated. For single-phase notors, a single or
doubl e pole toggle switch, rated only for alternating current, will be
acceptable for capacities |less than 30 anperes, provided the anpere rating
of the switch is at |east 125 percent of the notor rating. Sw tches shal
di sconnect all ungrounded conductors.

3.14 LAMPS AND LI GHTI NG FI XTURES
Bal | asted fixtures shall have ballasts which are conpatible with the
specific type and rating of |anps indicated and shall conply with the
appl i cabl e provisions of the publications referenced.

3.14.1 Lanps
Lanps of the type, wattage, and voltage rating indicated shall be delivered
to the project in the original cartons and installed in the fixtures just
prior to the conpletion of the project.

3.14.1. 1 | ncandescent
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I ncandescent | anps shall be for 125-volt operation unl ess otherw se
i ndi cat ed.

3.14.1.2 Fl uor escent
Fl uorescent lanps for electronic ballasts shall be as indicated.
3.14.1.3 H gh-1ntensity-Di scharge

H gh-intensity-discharge | anps shall be the high-pressure sodi umtype
unl ess ot herwi se indicated, shown, or approved.

3.14.2 Fi xtures

Fi xtures shall be as shown and shall conformto the foll ow ng specifications.
I1lustrations shown on drawi ngs are indicative of the general type desired

and are not intended to restrict selection to fixtures of any particul ar
manufacturer. Fixtures of simlar designs and equival ent energy

efficiency, light distribution and brightness characteristics, and of equa

finish and quality will be acceptable if approved.

3.14.2. 1 Accessori es

Accessories such as straps, nounting plates, nipples, or brackets shall be
provi ded for proper installation. Open type fluorescent fixtures with
exposed | anps shall have a wire-basket type guard.

3.14.2.2 Ceiling Fixtures

Ceiling fixtures shall be coordinated with and suitable for installation
in, on, or fromthe suspended ceiling provided under other sections of
these specifications. |Installation and support of fixtures shall be in
accordance with the NFPA 70 and manufacturer’s reconmendati ons. Recessed
fixtures shall have adjustable fittings to pernmit alignnent with ceiling
panels. Recessed fixtures installed in fire-resistive type of suspended
ceiling construction shall have the sane fire rating as the ceiling or
shal |l be provided with fireproofing boxes having materials of the sane fire
rating as the ceiling panels, in conformance with UL El ec Const Dir.
Surface-mounted fixtures shall be suitable for fastening to the structura
support for ceiling panels.

3.14.2. 3 Socket s

Sockets of industrial, strip, and other open type fluorescent fixtures
shall be of the type requiring a forced novenment al ong the |ongitudina
axis of the lanp for insertion and renoval of the |anp.

3.15 EQUI PMENT CONNECTI ONS

Wring not furnished and installed under other sections of the
specifications for the connection of electrical equipnment as indicated on
the drawi ngs shall be furnished and installed under this section of the
specifications. Connections shall conply with the applicable requirenents
of paragraph WRING METHODS. Flexible conduits 2 m or less in length
shal|l be provided to all electrical equi pment subject to periodic renoval,
vi bration, or noverment and for all nmotors. Al notors shall be provided
wi th separate groundi ng conductors. Liquid-tight conduits shall be used in
danmp or wet | ocations.
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3.15.1 Mot ors and Mbtor Contro

Motors and notor controls shall be installed in accordance with NFPA 70,
the manufacturer’s reconmendations, and as indicated. Wring shall be
extended to notors, notor controls, and notor control centers and

t er m nat ed.

3.15.2 Installati on of Government - Furni shed Equi pnent
Wring shall be extended to the equi pnent and term nated.
3.16 CIRCU T PROTECTI VE DEVI CES

The Contractor shall calibrate, adjust, set and test each new adjustable
circuit protective device to ensure that they will function properly prior
to the initial energization of the new power system under actual operating
condi tions.

3. 17 PAI NTI NG AND FI NI SHI NG

Fi el d-applied paint on exposed surfaces shall be provided under Section
09900 PAI NTI NG GENERAL.

3.18 REPAI R OF EXI STI NG WORK

The work shall be carefully laid out in advance, and where cutting,
channel i ng, chasing, or drilling of floors, walls, partitions, ceiling, or
other surfaces is necessary for the proper installation, support, or
anchorage of the conduit, raceways, or other electrical work, this work
shal |l be carefully done, and any danage to buil ding, piping, or equipnent
shal | be repaired by skilled nechanics of the trades involved at no
additional cost to the Government.

3.19 FI ELD TESTI NG

Field testing shall be perforned in the presence of the Contracting

O ficer. The Contractor shall notify the Contracting Oficer 10 working
days prior to conducting tests. The Contractor shall furnish al

materi als, |abor, and equi prent necessary to conduct field tests. The
Contractor shall performall tests and inspection reconmended by the

manuf acturer unless specifically waived by the Contracting Officer. The
Contractor shall maintain a witten record of all tests which includes
date, test perforned, personnel involved, devices tested, serial nunber and
nane of test equipnent, and test results. Al field test reports will be
signed and dated by the Contractor

3.19.1 Safety
The Contractor shall provide and use safety devices such as rubber gl oves,
protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equi pnent which
are damaged due to inproper test procedures or handling.

3.19.2 G ound- Resi stance Tests
The resistance of the grounding el ectrode shall be nmeasured using the

fall-of-potential method defined in |EEE Std 81. Soil resistivity in the
area of the grid shall be neasured concurrently with the grid nmeasurenents.
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Ground resistance neasurenents shall be nade before the el ectrical
di stribution systemis energized and shall be nade in normally dry
conditions not less than 48 hours after the last rainfall. Resistance
nmeasur enents of separate groundi ng el ectrode systens shall be nade before
the systens are bonded toget her bel ow grade. The conbi ned resistance of
separate systens nay be used to neet the required resistance, but the
speci fied nunber of electrodes nust still be provided.
a. Single rod electrode - 25 ohms.
b. Gound mat - 5 ohns.
3.19.3 Ground-Gid Connection |Inspection
Al bel ow grade ground-grid connections will be visually inspected by the
Contracting Oficer before backfilling. The Contractor shall notify the
Contracting Oficer 48 hours before the site is ready for inspection.
3.19.4 Cabl e Tests
The Contractor shall be responsible for identifying all equipnent and
devi ces that could be damaged by application of the test voltage and
ensuring that they have been properly disconnected prior to performng
insul ation resistance testing. An insulation resistance test shall be
perforned on all |ow and nedi um vol tage cables after the cables are
installed in their final configuration and prior to energization. The test
vol tage shall be 500 volts DC applied for one minute between each conduct or
and ground and between all possible conbinations of conductors. The
m ni mum val ue of resistance shall be:

R in negohns = (rated voltage in kV + 1) x 304,800/ (length of cable in
net ers)

Each cable failing this test shall be repaired or replaced. The repaired
cabl e systemshall then be retested until failures have been el i m nated.

3.19.4.1 Medi um Vol t age Cabl e Tests
a. Continuity test.
b. Insulation resistance test.
c. DC high-potential test.
3.19.4.2 Low Vol tage Cable Tests
a. Continuity test.
b. Insulation resistance test.
3.19.5 Mot or Tests
a. Phase rotation test to ensure proper directions.
b. Operation and sequence of reduced voltage starters.

c. High potential test on each winding to ground.
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d. Insulation resistance of each wi nding to ground.
e. Vibration test.
f. Dielectric absorption test on notor and starter
3.19.6 Circuit Breaker Tests
The following field tests shall be perforned on circuit breakers.
3.19.6.1 Circuit Breaker Tests, Medium Voltage
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance tests phase-to-ground, each phase.
c. Cosed breaker contact resistance test.
d. Power factor test.
e. High-potential test.
f. Manual and electrical operation of the breaker
3.19.6.2 Circuit Breakers, Low Voltage
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. Cosed breaker contact resistance test.
d. Manual and el ectrical operation of the breaker
3.19.6.3 Circuit Breakers, Ml ded Case
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. Cosed breaker contact resistance test.
d. Manual operation of the breaker
3.19.7 Protective Rel ays
Protective relays shall be visually and nechanically inspected, adjusted,
tested, and calibrated in accordance with the nmanufacturer’s published
instructions. These tests shall include pick-up, tinng, contact action
restraint, and other aspects necessary to insure proper calibration and
operation. Relay settings shall be inplemented in accordance with the
coordi nation study. Relay contacts shall be manually or electrically
operated to verify that the proper breakers and alarns initiate. Relaying
current transfornmers shall be field tested in accordance with | EEE

ANSI /| EEE C57. 13.

3.20 OPERATI NG TESTS
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After the installation is conpleted, and at such tinme as the Contracting
Oficer may direct, the Contractor shall conduct operating tests for
approval . The equi pnent shall be denponstrated to operate in accordance
with the specified requirenents. An operating test report shall be
subnitted in accordance w th paragraph FlI ELD TEST REPORTS

3.21 FI ELD SERVI CE
3.21.1 Onsite Training

The Contractor shall conduct a training course for the operating staff as
designated by the Contracting O ficer. The training period shall consist
of a total of 8 hours of normal working tinme and shall start after the
systemis functionally conpleted but prior to final acceptance tests. The
course instruction shall cover pertinent points involved in operating,
starting, stopping, servicing the equipnent, as well as all major elenents
of the operation and mai ntenance manuals. Additionally, the course
instructions shall denonstrate all routine maintenance operations. A VHS
format video tape of the entire training shall be submtted.

3.21.2 Installation Engi neer
After delivery of the equipnment, the Contractor shall furnish one or nore
field engineers, regularly enployed by the equi pnrent nanufacturer to
supervi se the installation of equipnent, assist in the performance of the
onsite tests, oversee initial operations, and instruct personnel as to the
operational and mai ntenance features of the equipnent.

3.22  ACCEPTANCE
Fi nal acceptance of the facility will not be given until the Contractor has
successfully conpleted all tests and after all defects in installation
mat eri al or operation have been corrected.

-- End of Section --
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SECTI ON 16475

COORDI NATED PONER SYSTEM PROTECTI ON

PART 1 GENERAL

1.

1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI C37. 46 (1981; R 1992) Power Fuses and Fuse
Di sconnecting Swi tches

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE C2 (1997) National Electrical Safety Code

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEVA AB 1 (1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches

NEVA FU 1 (1986) Low Voltage Cartridge Fuses

NEVA | CS 1 (1993) Industrial Controls and Systens

NENVA | CS 2 (1993) Industrial Control and Systerns,

Controllers, Contractors Overl oad Rel ays
Rated not More Then 2,00 Volts AC or 750

Volts DC

NEMVA | CS 3 (1993) Industrial Control and Systens
Factory Built Assenblies

NEVA | CS 6 (1993) Industrial Control and Systens,
Encl osur es

NENVA SG 2 (1993) Hi gh Vol tage Fuses

NEVA SG 3 (1995) Power Switching Equi pnent

NEMA SG 5 (1990) Power Switchgear Assenblies

NATI ONAL FI RE PROTECTI ON ASSQOCI ATI ON ( NFPA)
NFPA 70 (1996; Errata) National Electrical Code
UNDERWRI TERS LABORATORI ES (UL)

UL 198B (1995) d ass H Fuses
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UL 198D (1995) d ass K Fuses

UL 486E (1994; Rev Feb 1997) Equi pnent Wring
Terminals for Use with Al um num and/ or
Copper Conductors

UL 489 (1996; Rev thru Nov 1997) Mol ded- Case
Circuit Breakers Ml ded-Case Switches, and
Circuit-Breaker Encl osures

UL 508 (1993) Industrial Control Equi prent
1.2 SUBM TTALS

CGovernnent approval is required for subnmittals with a "GA" desi gnation
subnittals having an "FI O designation are for information only. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD-01 Data
Fault Current and Protective Device Coordination Study; GA

The study along with protective device equi pnent submittals. No tine
extensions or simlar contact nodifications will be granted for work
arising out of the requirenents for this study. Approval of protective
devi ces proposed will be based on recommendations of this study. The
Governnent shall not be held responsible for any changes to equi pnent,
device ratings, settings, or additional |abor for installation of equipnent
or devices ordered and/or procured prior to approval of the study.

Equi pnent Performance; FI QO

Data consisting of manufacturer’s time-current characteristic curves for
i ndi vi dual protective devices, recommended settings of adjustable
protective devices, and recomended ratings of non-adjustable protective
devi ces.

SD-06 Instructions
Preventive Mii ntenance and | nspection; FIO

Data shall including calibration and testing procedures and instructions
pertaining to the frequency of calibration, inspection, adjustnent,
cl eani ng, and | ubrication

SD- 09 Reports
Field Testing; GA

The proposed test plan, prior to field tests. Plan shall consist of
complete field test procedure including tests to be perforned, test

equi pment required, and tolerance linits, including conplete testing and
verification of the ground fault protection equi pnent, where used.
Performance test reports in booklet formshowing all field tests perforned
to adj ust each conponent and all field tests perfornmed to prove conpliance
with the specified performance criteria, upon conpletion and testing of the
installed system Each test report shall indicate the final position of
controls.
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SD- 13 Certificates
Devi ces and Equi prent; GA

Certificates certifying that all devices or equi pnment neet the requirenents
of the contract docunents.

1.3 QUALI FI CATI ONS

1.3.1 Syst em Coor di nat or
System coordi nation, reconmended ratings and settings of protective
devi ces, and design analysis shall be acconplished by a registered
prof essional electrical power engineer with a minimmof two years of
current experience in the coordination of electrical power systens.

1.3.2 System Installer
Calibration, testing, adjustnent, and placing into service of the
protective devices shall be acconplished by a manufacturer’s product field
servi ce engi neer or independent testing conpany with a mninumof two years
of current product experience in protective devices.

1.4  DELIVERY, STORAGE, AND HANDLI NG
Devi ces and equi prent shall be visually inspected when received and prior
to acceptance from conveyance. Stored itens shall be protected fromthe
environnent in accordance with the manufacturer’s published instructions.
Damaged itens shall be repl aced.

1.5 PRQIECT/ SI TE CONDI TI ONS

Devi ces and equi pnent furni shed under this section shall be suitable for
the following site conditions:

1.5.1 Altitude
Altitude: Sea |evel
1.5.2 Anbi ent Tenperat ure
Anbi ent Tenperature: 33 deg C
1.5.3 Frequency
Frequency: 60 Hz
1.5.4 Fungus Contro
Fungus Control: NA
1.5.5 Hazardous O assification
Hazardous d assification: NA
1.5.6 Hum dity Contro

Hum dity Control: None
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1.5.7 Ventilation
Ventilation: None

1.5.8 Sei smi ¢ Zone
Seismic Zone: O

PART 2  PRODUCTS

2.1 STANDARD PRODUCT

Protective devices and equi pment shall be the standard product of a

manuf acturer regularly engaged in the manufacture of the product and shal
essentially duplicate items that have been in satisfactory utility type use
for at least two years prior to bid opening.

2.2 NAMVEPLATES

Namepl ates shall be provided to identify all protective devices and
equi prent. Naneplate information shall be in accordance with NEMA AB 1,
NEMA SG 3, or NEMA SG 5 as applicable.

2.3 CORROSI ON PROTECTI ON

Metallic materials shall be protected agai nst corrosion. Ferrous netal
hardware shall be zinc or chrone-plated

2.4 MOTOR CONTRCLS

Motor controls shall be in accordance with NEMA ICS 1, NEMA ICS 2, NEMA ICS
3 and NEMA I CS 6, and UL 508.

2.4.1 Ther mal - Over | oad Protection

Each notor of 93 W(1/8 hp) or larger shall be provided with

t hermal - overl oad protection. Polyphase notors shall have overl oad
protection in each ungrounded conductor. The overl oad-protection device
shal | be provided either integral with the motor or controller, or shall be
nounted in a separate enclosure. Unless otherw se specified, the
protective device shall be of the manually reset type. Single or double
pol e tunbler switches specifically designed for alternating-current
operation only may be used as manual controllers for single-phase notors
having a current rating not in excess of 80 percent of the switch rating.

2.4.2 Low Vol t age Motor Overload Rel ays

2.4.2.1 Gener a
Thermal and magnetic current overload relays shall conformto NEMA ICS 2
and UL 508. Overload protection shall be provided either integral with the
notor or controller, and shall be rated in accordance with the requirenents
of NFPA 70.

2.4.2.2 Construction

Manual reset type thernmal relays shall be binetallic construction
Automatic reset type relays shall be binmetallic construction. Mgnetic

SECTI ON 16475 Page 6



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

current relays shall consist of a contact mechani smand a dash pot nounted
on a conmon frane.

2.4.2.3 Rat i ngs

Vol tage ratings shall be not |ess than the applicable circuit voltage.

Trip current ratings shall be established by selection of the repl aceabl e
overl oad device and shall not be adjustable. Were the controller is
renotely-located or difficult to reach, an automatic reset, non-conpensated
overload relay shall be provided. Manual reset overload relays shall be
provi ded otherwi se, and at all |ocations where automatic starting is
provided. Were the notor is located in a constant anbi ent tenperature,
and the thernal device is located in an anbient tenperature that regularly
varies by nore than minus 10 degrees C, an anbi ent tenperature-conpensated
overl oad relay shall be provided.

2.4.3 Aut omati ¢ Control Devices
2.4.3.1 Direct Control

Automatic control devices (such as thernostats, float or pressure swtches)
whi ch control the starting and stopping of notors directly shall be
designed for that purpose and have an adequate kil owattrating.

2.4.3.2 Pi | ot - Rel ay Contr ol

Wiere the automatic-control device does not have such a rating, a magnetic
starter shall be used, with the automatic-control device actuating the
pilot-control circuit.

2.4.3.3 Manual / Aut omati ¢ Sel ecti on

a. Were conbinati on manual and automatic control is specified and
the automatic-control device actuates the pilot control circuit of
a magnetic starter, the magnetic starter shall be provided with a
three-position selector switch marked MANUAL- OFF- AUTOVATI C

b. Connections to the selector switch shall only allow the normal
automatic regulatory control devices to be bypassed when the
switch is in the Manual position; all safety control devices, such
as | owor high-pressure cutouts, high-tenperature cutouts, and
not or-over | oad protective devices, shall be connected in the
motor-control circuit in both the Manual and the Automatic
positions of the selector switch. Control circuit connections to
any MANUAL- OFF- AUTOVATIC switch or to nore than one automatic
regul atory control device shall be made in accordance with wiring
di agram approved by the contracting O ficer unless such diagramis
i ncluded on the drawings. All controls shall be 120 volts or |ess
unl ess ot herwi se indicated.

2.5 LOW VOLTAGE FUSES

2.5.1 CGener a
Lowvol tage fuses shall conformto NEMA FU 1. Tine delay and nontine del ay
options shall be as shown . Equi pnent provided under this contract shal
be provided with a complete set of properly rated fuses when the equi pnent

manufacturer utilizes fuses in the nmanufacture of the equipnent, or if
current-limting fuses are required to be installed to linmit the
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anpere-interrupting capacity of circuit breakers or equipnent to |less than
the maxi num avail able fault current at the | ocation of the equi pnment to be
installed. Fuses shall have a voltage rating of not |less than the
phase-to-phase circuit voltage, and shall have the tinme-current
characteristics requires for effective power system coordination

2.5.2 Cartridge Fuses; Noncurrent-Limting Type
Cartridge fuses of the noncurrent-linmting type shall be dass H
nonr enewabl e, dual elenment, tinme |ag type and shall have interrupting
capacity of 10,000 anperes. Cass H Fuses shall conformto UL 198B. At
500 percent current, cartridge fuses shall not blowin |less than 10
seconds. Cartridge fuses shall be used for circuits rated in excess of 30
anperes, 125 volts, except where current-linmting fuses are indicated

2.5.3 Cartridge Fuses; Current-Limting Type
Cartridge fuses, current-limting type, dass RK5 shall have tested
interrupting capacity not |ess than 200,000 anperes. Fuse hol ders shall be
the type that will reject O ass H fuses.

b. dass K fuses shall conformto UL 198D

2.5.3.1 Conti nuous Current Ratings (600 anperes and small er)
Service entrance and feeder circuit fuses (600 anperes and smaller) shal
be Cass RK5 , current-limting, tinme-delay with 200, 000 anperes
i nterrupting capacity.

2.5.3.2 Continuous Current Ratings (greater than 600 anperes)
Service entrance and feeder circuit fuses (greater than 600 anperes) shal
be dass L, current-limting, tinme-delay with 200,000 anperes interrupting
capacity.

2.5.3.3 Mot or and Transformer Circuit Fuses
Mot or, nmotor controller, transfornmer, and inductive circuit fuses shall be
Class RK1 or RK5, current-limting, tine-delay with 200,000 anperes
interrupting capacity.

2.6 MEDI UM VOLTAGE AND HI GH VOLTAGE FUSES

2.6.1 Gener a
Medi um vol t age and hi gh-vol tage fuses shall conformto NEMA SG 2 and shal
be distribution fuse cutouts or power fuses, E-rated, Crated, or Rrated
current-limting fuses as shown.

2.6.2 Construction

Units shall be suitable for outdoor use. Fuses shall have integra
bl own-fuse indicators. All ratings shall be clearly visible.

2.6.3 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage.
Conti nuous-current ratings shall be as shown.
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2.6.3.1 Fuse Cutouts

Medi um vol t age fuses and cutouts shall conply with NEMA SG 2 and shall be
of the open type construction rated 15 kV and of the heavy -duty type
Open-1link cutouts are not acceptable. Fuses shall be either indicating or
dropout type. Fuse ratings shall be as indicated. Fuses cutouts shall be
equi pped with nounting brackets suitable for the indicated install ations.

2.6.3.2 Power Fuses

Expul si on-type power fuses shall have ratings in accordance with ANSI C37.46
and as foll ows:

a. Nomnal voltage.......... ... .. . .. 12,470
b. Rated maximumvoltage......... ... .. .. .. . .. .. 15, 500
c. Maximum symmetrical interrupting capacity.......... 85, 000
d. Rated continuous current.............. ... ... 80 anps

2.6.3.3 E-Rated, Current-Limiting Power Fuses

E-rated, current-limting, power fuses shall conformto ANSI C37.46.
2.7 MOLDED- CASE Cl RCUI T BREAKERS
2.7.1 Gener a

Mol ded-case circuit breakers shall conformto NEMA AB 1 and UL 489.
Circuit breakers nay be installed in panel boards, sw tchboards, enclosures,
notor control centers, or conbination notor controllers.

2.7.2 Constructi on

Mol ded-case circuit breakers shall be assenbled as an integral unit in a
supporting and encl osi ng housing of glass reinforced insulating materi al
providing high dielectric strength. Circuit breakers shall be suitable for
nounting and operating in any position. Lugs shall be listed for copper
conductors only in accordance with UL 486E. Single-pole circuit breakers
shall be full nodule size with not nore than one pol e per nodul e.
Multi-pole circuit breakers shall be of the comon-trip type having a
singl e operating handl e such that an overload or short circuit on any one
pole will result in all poles opening sinmultaneously. Sizes of 100 anperes
or less may consi st of single-pole breakers permanently factory assenbl ed
into a nulti-pole unit having an internal, nechanical, nontanperable
common-trip nechani smand external handle ties. Al circuit breakers shal
have a qui ck-make, qui ck-break overcenter toggle-type nechanism and the
handl e nechani smshall be trip-free to prevent holding the contacts cl osed
agai nst a short-circuit or sustained overload. Al circuit breaker handles
shal | assune a position between "ON' and "OFF" when tripped automatically.
Al ratings shall be clearly visible.

2.7.3 Rat i ngs
Vol tage ratings shall be not less than the applicable circuit voltage. The
interrupting rating of the circuit breakers shall be at |east equal to the

avai l abl e short-circuit current at the line termnals of the circuit
breaker and correspond to the UL listed integrated short-circuit current
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rating specified for the panel boards and sw tchboards. NMbl ded-case circuit
breakers shall have nomi nal voltage ratings, naxi mum continuous-current
ratings, and maxi mum short-circuit interrupting ratings in accordance wth
NEMA AB 1. Ratings shall be coordinated with system X R rati o.

2.7.4 Cascade System Rati ngs

Crcuit breakers used in series conbinations shall be in accordance with UL
489. Equi pnent, such as switchboards and panel boards, whi ch house
series-connected circuit breakers shall be clearly marked accordingly.
Series conbinations shall be listed in the UL Recogni zed Conponent
Directory under "Circuit Breakers-Series Connected."

2.7.5 Ther mal - Magnetic Trip El enents

Thermal magnetic circuit breakers shall be provided as shown. Automatic
operation shall be obtained by neans of thernal -nagnetic tripping devices

| ocated in each pole providing inverse tine delay and instantaneous circuit
protection. The instantaneous nmagnetic trip shall be adjustable and
accessible fromthe front of all circuit breakers on franme sizes above 150
anper es.

PART 3 EXECUTI ON
3.1 VERI FI CATI ON OF DI MENSI ONS

After beconming famliar with details of the work, the Contractor shal
verify dinensions in the field, and shall advise the Contracting O ficer of
any di screpancy before performng any work.

3.2 | NSTALLATI ON

Protective devices shall be installed in accordance with the manufacturer’s
publ i shed instructions and in accordance with the requirements of NFPA 70
and | EEE C2.

3.3 FI ELD TESTI NG
3.3.1 CGener a

Field testing shall be perforned in the presence of the Contracting

O ficer. The Contractor shall notify the Contracting O ficer 10 days prior
to conducting tests. The Contractor shall furnish all materials, |abor

and equi pnent necessary to conduct field tests. The Contractor shal
performall tests and inspections recomended by the manufacturer unless
specifically waived by the Contracting Oficer. The Contractor shal
maintain a witten record of all tests which includes date, test perforned,
personnel involved, devices tested, serial nunber and nane of test

equi pnent, and test results.

3.3.2 Saf ety
The Contractor shall provide and use safety devices such as rubber gl oves,
protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equi pnent which
are damaged due to i nproper test procedures or handling.

3.3.3 Mol ded- Case Circuit Breakers
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Circuit breakers shall be visually inspected, operated manually, and
connections checked for tightness. Current ratings shall be verified and
adj ustabl e settings incorporated in accordance with the coordination study.

-- End of Section --
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SECTI ON 16526

Al RFI ELD AND HELI PORT LI GHTI NG AND VI SUAL NAVI GATI ON Al DS

PART 1 GENERAL

1.

1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
basi ¢ designation only.

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM A 123 (1989a) Zinc (Hot-Di p Galvani zed) Coatings
on Iron and Steel Products

ASTM A 153 (1996) Zinc Coating (Hot Dip) on Iron and
St eel Har dwar e

ASTM D 709 (1992) Lam nated Thernosetting Materials
FACTORY MJUTUAL ENG NEERI NG AND RESEARCH (FM

FM P7825a (1997) Approval Guide Fire Protection

FM P7825b (1997) Approval CGuide Electrical Equipnent
| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE C2 (1997) National Electrical Safety Code
NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMR)

NEVA RN 1 (1989) Pol yvinyl-Chloride (PVC) Externally

Coat ed Gal vani zed Rigid Steel Conduit and
Internmediate Metal Conduit

NENVA TC 2 (1990) Electrical Polyvinyl Chloride (PVQO
Tubi ng (EPT) and Conduit (EPC-40 and
EPC- 80)

NEMA TC 3 (1990) PVC Fittings for Use with Rigid PVC

Conduit and Tubi ng

NEVMA TC 6 (1990) PVC and ABS Plastic Wilities Duct
for Underground Installation

NATI ONAL FI RE PROTECTI ON ASSQOCI ATI ON ( NFPA)
NFPA 70 (1996; Errata) National Electrical Code
UNDERWRI TERS LABORATORI ES (UL)

UL El ecconst Dir (1997) Electrical Construction Equi prent
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Directory

UL 6 (1997) Rigid Metal Conduit

UL 486B (1997; Rev Jun 1997) Wre Connectors for
Use wi th Al um num Conduct ors

UL 510 (1994) Insul ating Tape

UL 514A (1996) Metallic Qutlet Boxes

UL 1242 (1996) Internediate Metal Conduit

1.2 GENERAL REQUI REMENTS

Items of the same classification shall be identical including equipnent,
assenbl i es, parts, and conponents.

1.2.1 Code Conpli ance

The installation shall conply with the requirenents and recomendati ons of
NFPA 70 and | EEE C2 and | ocal codes where required.

1.2.2 St andard Product
Mat eri al and equi pnent shall be "ADB" manufactured.
1.2.3 Prevention of Corrosion
1.2.3.1 Metallic Materials
Metallic materials shall be protected against corrosion as specified.
Al um num shall not be used in contact with earth or concrete. Were
al um num conductors are connected to dissimlar nmetal, fittings conform ng
to UL 486B shall be used
1.2.3.2 Ferrous Metal Hardware

Ferrous netal hardware shall be hot-dip galvanized in accordance with ASTM
A 123 and ASTM A 153.

1.2. 4 Unusual Service Conditions

Itens furnished under this section shall be specifically suitable for the
foll owi ng unusual service conditions:

1.2.4.1 O her

Material or equipnent to be installed underground in handhol es or manhol es
shal | be suitable for subnerged operation

1.2.5 Verification of Dinmensions
The Contractor shall becone famliar with details of the work, verify
dimensions in the field, and advise the Contracting Oficer of any
di screpancy before perfornm ng any work

1.3 SYSTEM DESCRI PTI ON
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The airfield light control systemconsists of control panel interface,
control circuit cnductors or fiber optics, CPU s and nodens. Al other
non-control equipment is not part of this contract.

1.4 SUBM TTALS

Governnent approval is required for submttals with a "GA" designation;
submittals having an "FI O' designation are for information only. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD-01 Data
Mat eri al s and Equi pnent; GA.

A complete itenized listing of equipnent and naterials proposed for
incorporation into the work. Each item zation shall include an item
nunber, the quantity of itenms proposed, and the nane of the manufacturer.
Dat a conposed of catalog cuts, brochures, circulars, specifications and
product data, and printed information in sufficient detail and scope to
verify conpliance with requirenents of the contract documents.

Protection Plan; GA

Detail ed procedures to prevent damage to existing facilities or
infrastructures. |f danage does occur, the procedures shall address repair
and replacenment of damaged property at the Contractor’s expense.

Training; FIO

I nformation describing training to be provided, training aids to be used,
sanples of training materials to be provided, and schedul es of training, 4
weeks before training is schedul ed to begin.

Speci al Tools; FIO

Li st of special tools and test equipnent required for maintenance and
testing of the products supplied by the Contractor.

Parts List; FIO

A list of parts and conponents for the system by nmanufacturer’s nane, part
nunber, nonencl ature, and stock level required for maintenance and repair
necessary to ensure continued operation with mninal del ays.

SD- 04 Dr awi ngs
As-Built Draw ngs; GA

Drawi ngs that provide current factual information including deviations

from and anendnents to the draw ngs and changes in the work, conceal ed and
visible, shall be provided as instructed. The as-built draw ngs shall show
installations with respect to fixed installations not associated with the
systens specified herein. Cable and wire shall be accurately identified as
to direct-burial or in conduit and shall | ocate the connection and routing
to and away from bases, housings, and boxes.

SD-06 | nstructions
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Repair Requirenents; GA

Instructions necessary to check out, troubleshoot, repair, and repl ace
components of the systenms, including integrated el ectrical and nechanica
schemati cs and di agrans and di agnosti c techni ques necessary to enabl e
operation and troubl eshooting after acceptance of the system shall be
provi ded.

Post ed I nstructions; GA

A typed copy of the proposed posted instructions showing wiring, contro

di agrans, conplete |layout and operating instructions explaining preventive
mai nt enance procedures, nethods of checking the systemfor nornal safe
operation, and procedures for safely starting and stopping the system
Proposed di agranms, instructions, and other sheets shall be subnmtted prior
to posting.

SD-09 Reports
Test Results; GA

Upon conpl etion and testing of the installed system perfornmance test
reports are required in booklet formshowing all field tests perforned to
adj ust each conponent and all field tests perforned to provide conpliance
with the specified performance criteria. Each test shall indicate the
final position of controls.

Field test reports shall be witten, signed and provided as each circuit or
installation itemis conpleted. Field tests shall include

resi stance-to-ground and resi stance between conductors, and continuity
nmeasurenents for each circuit. For each series circuit the input voltage
and output current of the constant current regulator at each intensity
shal | be measured. For nultiple circuits the input and output voltage of
the transformer for each intensity setting shall be measured. A visua

i nspection of the lights operation, or of the markings appearance, or of
the installation of fixtures or units installed shall be reported.

| nspection; GA

I nspection reports shall be prepared and provi ded as each stage of
installation is conpleted. These reports shall identify the activity by
contract nunber, location, quantity of nmaterial placed, and conpliance with
requirenents.

SD-13 Certificates
Qualifications; GA

Certifications, when specified or required, including Certification of the
Qualifications of Medium Voltage Cable Installers, Certified Factory and
Field Test Reports, and Certificates of Conpliance subnmitted in Iieu of

ot her proofs of conpliance with these contract provisions. A certification
that contains the nanmes and the qualifications of persons recommended to
performthe splicing and term nation of nedi umvoltage cabl es approved for
installation under this contract shall be included. The certification
shal | indicate that any person recomended to perform actual splicing and
term nation has been adequately trained in the proper techniques and has
had at |east 3 recent years of experience in splicing and term nating the
same or simlar types of cables approved for installation. Any person
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recommended by the Contractor may be required to performa dummy or
practice splice and ternination, in the presence of the Contracting
Oficer, before being approved as a qualified installer of mediumvoltage
cables. |If that additional requirenent is inposed, the Contractor shal
provi de short sections of the approved types of cables with the approved
type of splice and ternmnation kits, and detail ed manufacturer’s
instruction for the proper splicing and term nation of the approved cabl e
types. The certification shall be prepared in confornance w th paragraph
CERTI FI CATES OF COVPLI ANCE in the SPECI AL CONTRACT REQUI REMENTS, and shal
be acconpani ed by satisfactory proof of the training and experience of
persons reconmended by the Contractor as cable installers. The SF sub 6
gas pressurized cable and conduit systeminstaller nust be trained and
certified in installation of this type of systemand nust be approved by
the manufacturer of the system

Mat eri al s and Equi prent; FI O

When equi pnent or materials are specified to conformto the standards or
publications and requirenents of ANSI, |EEE, NEMA, NFPA, or UL, or to an
FAA, proof that the itens furnished under this section of the
specifications conformto the specified requirenents shall be included.
The label or listing in UL El ecconst Dir or in FM P7825a, FM P7825b or the
manuf acturer’s certification or published catal og specification data
statenent that the itens conply with applicable specifications, standards,
or publications and with the manufacturer’s standards will be acceptable
evi dence of such conpliance. Certificates shall be prepared by the
manuf act urer when the manufacturer’s published data or draw ngs do not

i ndi cate confornmance with other requirenments of these specifications.

SD-19 Qperation and Mi ntenance Manual s
Equi pnent; GA.

Four copies of operation and four copies of maintenance manuals for the
equi prent furni shed. One conplete set shall be furnished prior to
perfornmance testing and the renmai nder shall be furnished upon acceptance.
Qperating manual s shall detail the step-by-step procedures required for
system startup, operation, and shutdown. Qperating nmanuals shall include
the manufacturer’s nane, nodel nunber, parts list, and brief description of
all equi pment and their basic operating features. Maintenance nanual s
shall list routine maintenance procedures, possible breakdowns and repairs,
and troubl eshooting guides. Miintenance manual s shall include conduit and
equi pnent | ayout and sinplified wiring and control diagrans of the system
as install ed.

PART 2 PRODUCTS

2.1 MATERI ALS
Equi prent and materials shall be new unless indicated or specified
otherwi se. Materials and equi pnment shall be |abell ed when approved by
Underwriters Laboratories (UL) or Factory Miutual (FM System

2.1.1 El ectrical Tape
El ectrical tape shall be UL 510 plastic insulating tape.

2.1.2 Nanepl at es
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Each maj or conponent of equi pnent shall have as a mninumthe

manuf acturer’s nanme, address, and catal og or style nunber on a nanepl ate
securely attached to the item of equi pnent. Laminated plastic nanepl ates
shal | be provided for equipnent, controls, and devices to identify
function, and where applicable, position. Naneplates shall be 3.2 mMm
thick | am nated cell ul ose paper base phenolic resin plastic confornng to
ASTM D 709 sheet type, grade ES-3, white with black center core. Surface
shall be a matte finish with square corners. Lettering shall be engraved
into the black core. Size of naneplates shall be 25.4 by 63.5 mm nini mum
with mnimum6.4 mm high nornal block lettering. Nameplates provided as
i ndi cated. Nanmeplates shall be fastened to the device with a nini mum of
two sheet netal screws or two rivets.

2.1.3 Conduit, Conduit Fittings, and Boxes
2.1.3.1 Rigid Steel or Internediate Metal Conduit (IMC) and Fittings
The netal conduit and fittings shall be UL 6 and UL 1242, respectively,
coated with a polyvinylchloride (PVC) sheath bonded to the gal vani zed
exterior surface, nomnal 1.0 nm (40 mls) thick, conformng to NEMA RN 1.
2.1.3.2 Qutl et Boxes for Use with Steel Conduit, Rigid or Flexible
These outl et boxes shall be UL 514A, cast netal w th gasket closures.
2.1.3.3 Pl astic Duct for Concrete Encased Buria
These ducts shall be PVC conformng to NEMA TC 6, Type EB.
2.1.3.4 Plastic Conduit for Direct Buria

This plastic conduit shall be PVC confornmng to NEMA TC 2 (conduit) and
NEMA TC 3 (fittings) Type EPC- 40 PVC.

2.1.4 Wre and Cabl e
Conductors shall be copper except as ot herw se indicated.
2.1.4.1 Cabl e Tags

Cabl e tags for each cable or wire shall be installed at duct entrances
entering or |eaving nmanhol es, handhol es, and at each terminal within the
lighting vault. Cable tags shall be stainless steel, bronze, |ead strap
or copper strip, approximately 1.6 nm thick or hard plastic 3.2 nmm thick
suitable for imrersion in salt water and inpervious to petrol eum products
and shall be of sufficient length for inprinting the | egend on one line
using raised letters. Cable tags shall be permanently marked or stanped
with letters not less than 6.4 mm in height as indicated. Two-col or

| am nated plastic is acceptable. Plastic tags shall be dark colored with
mar ki ngs of light color to provide contrast so that identification can be
easily read. Fastening material shall be of a type that will not
deteriorate when exposed to water with a high saline content and to

pet r ol eum products.

2.1.5 Control Pane

The panel shall be nmanufactured by ADB and be an FAA AC 150/ 5345-3, Type
L-821 style. The control nethodol ogy shall be:
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2.1.5.1 L- 821 Control

Definition of Terns:

Mut ual Excl usi on

L- 821 Control Pane

Button Descri ption

3L-21R Edge

3R-21L Edge

3L Threshol d

21R Threshol d

3R Threshol d

21L Threshol d

3L Threshol d

21R Threshol d

3L Fl ashers

Met hodol ogy

Only one circuit nmay be turned on at a tinme. This
is used for those circuits that have L-847 circuit
selectors. i.e. 3L Threshold lights are nutually
exclusive with the 21R Threshold lights. Wen 3L
lights are ON and the controller selects the 21R
lights, the 3L lights are autonmatically turned OFF
and the 21R lights are turned ON

Comrent s

Mutual Iy exclusive with
3R Threshol d

Mutual Iy excl usive with
3L Threshol d

Mutual Iy excl usive with
3L Threshold

Mutual Iy excl usive with
3R Threshol d

Mutual Iy exclusive with
21R Approach

Mutual Iy excl usive with
3L Approach

Mutual Iy exclusive with
21R Fl ashers
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L- 821 Control Pane
Button Description

21R Fl ashers

3L PAPI

21R PAPI

3R PAPI

21L PAPI

TWYA

TWYB

TWYC

TWYD

TWYE

TWYF

TWG

TWYH

TWYI

Nhster Bgtton
Description

Runway Master: LOW

Runway Master: H GH

Taxi way Master: LOW

Taxi way Master: H GH

AZ

Circuits controlled by
Mast er

3L- 21R Edge
3R-21L Edge

3L- 21R Edge
3R-21L Edge

—
&
CTITOOW>

—
g
o0 w>
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Mut ual I'y excl usi ve
3L Fl ashers

Mut ual I'y excl usi ve
21R PAPI

Mut ual I'y excl usi ve
3L PAPI

Mut ual I'y excl usi ve
21L PAP

Mut ual I'y excl usi ve
3R PAPI

3 brightness steps
3 brightness steps
3 brightness steps
3 brightness steps
3 brightness steps
3 brightness steps
3 brightness steps
3 brightness steps

3 brightness steps

Comrent s

Step 1
Step 1

Step
Step

[[é)]

Step
Step
Step
Step
Step
Step
Step
Step
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Step
Step
Step
Step
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with
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Twy F Step 3
Twy H Step 3
Twy | Step 3
Twy J Step 3

PART 3 EXECUTI ON
3.1 GENERAL | NSTALLATI ON REQUI REMENTS

Circuits installed underground shall conformto the requirements of Section
16375, ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND, except as required
herein. Except as covered herein, excavation, trenching, and backfilling
shall conformto the requirenents of Section 02316 EXCAVATI ON, TRENCHI NG
AND BACKFI LLI NG FOR UTI LI TIES SYSTEMS. Concrete work shall conformto the
requi renents of Section 03300 CAST-| N PLACE STRUCTURAL CONCRETE.

3.2 CABLES, GENERAL REQUI REMENTS

The type of installation, size and nunber of cables shall be as indicated.
Conductors larger than No. 8 AWs shall be stranded. Loads shall be divided
as evenly as practicable on the various phases of the system
Manufacturer’s witten recomendati ons shall be furnished for each type of
splice and nmediumvoltage cable joint and term nation, and for fireproofing
application nethods, and shall be approved before any work i s done.
Medi um vol tage cable joints and term nations shall be the standard product
of a manufacturer and shall be either of the factory preformed type or of
the kit type containing tapes and other required parts. Mediumvoltage
cable joints shall be nade by qualified cable splicers. Conpounds and
tapes shall be electrical grade suitable for the cable insulation provided
and shall use design materials and techni ques recommended by the

manuf acturer. Maxinum |l ength of cable pull and cable pulling tensions
shal | not exceed the cable manufacturer’s recommendati ons.

3.2.1 Duct Line Installation

Fi ber optic cables shall be installed in duct lines fromthe existing
control to the new air traffic control tower. Cable splices in | owvoltage
cabl es shall be made in manhol es and handhol es only, except as otherw se
noted. Electrical netallic tubing shall not be installed underground or
encl osed in concrete.

3.2.2 Connection to Buildings

Cabl es shall be extended into the various buildings as indicated, and shal
be properly connected to the first applicable term nation point in each
building. Interfacing with building interior conduit systens shall be at
conduit stubouts termnating 1.5 neters outside of a building and 600 mm
bel ow fini shed grade as specified and provi ded under Section 16415
ELECTRI CAL WORK, | NTERIOR  After installation of cables, conduits shall be
seal ed with caul ki ng conpound to prevent entrance of noisture or gases into
bui I di ngs.

3.3 DUCT LI NES
Duct lines shall be concrete-encased, thin-wall type.

3.3.1 Requi renent s

SECTI ON 16526 Page 11



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

Nunbers and sizes of ducts shall be as indicated. Duct lines shall be laid
with a mninum sl ope of 100 nm per 30 neters. Dependi ng on the contour
of the finished grade, the high point nay be at a terminal, a nanhole, a
handhol d, or between manhol es or handhol es. Manufactured 90 degree duct
bends nmay be used only for pole or equipnent risers, unless specifically

i ndi cated as acceptable. The m ni mum manufactured bend radi us shall be 450
mm for ducts of less than 78 mm dianeter, and 900 mm for ducts 78 mm or
greater in dianmeter. Qherw se, |ong sweep bends having a m ni numradi us
of 7.6 nmeters shall be used for a change of direction of nore than 5
degrees, either horizontally or vertically. Both curved and strai ght
sections may be used to formlong sweep bends as required, but the naximum
curve shall be 30 degrees and nmanufactured bends shall be used. Ducts
shal | be provided with end bells when duct lines term nate in manhol es or
handhol es. Duct line markers shall be provided as indicated at the ends of
| ong duct line stubouts or for other ducts whose |ocations are

i ndet erm nate because of duct curvature or term nations at conpletely

bel ow grade structures. In lieu of markers, a 0.127 mm brightly col ored
plastic tape not less than 76.2 nmm in width and suitably inscribed at not
nore than 3.0 neters on centers with a continuous netallic backing and a
corrosion-resistant 0.025 nmm netallic foil core to permt easy |location of
the duct line, shall be placed approximtely 300 mm bel ow fini shed grade

| evel s of such I|ines.

3.3.2 Tr eat nent

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be nade with proper tools
and match factory tapers. After a duct line is conpleted, a standard
flexi bl e mandrel shall be used for cleaning followed by a brush with stiff
bristles. Mandrels shall be at least 300 mm |ong and shall have di aneters
6.2 nm less than the inside dianeter of the duct being cleaned. Pneumatic
roddi ng may be used to drawin lead wires. A coupling recomended by the
duct manufacturer shall be used when an existing duct is connected to a
duct of different material or shape. Ducts shall be stored to avoid
war pi ng and deterioration with ends sufficiently plugged to prevent entry
of water or solid substances. Ducts shall be thoroughly cleaned before
being laid. Plastic ducts shall be stored on a flat surface and protected
fromthe direct rays of the sun

3.3.3 Concr et e Encasenent

Each single duct shall be conpletely encased in concrete with a mni num of
75 mm of concrete around each duct, except that only 50 nm of concrete are
requi red between adjacent electric power or adjacent communication ducts,
and 100 mm of concrete shall be provided between adjacent electric power
and conmuni cation ducts. Duct |ine encasenents shall be nmonolithic
construction. Where a connection is nmade to a previously poured
encasenent, the new encasenent shall be well bonded or doweled to the

exi sting encasenent. At any point, except railroad crossings, tops of
concrete encasenents shall be not |ess than 450 nm below finished grade or
paving. At railroad crossings, duct lines shall be encased with concrete,
reinforced as indicated. Tops of concrete encasenents shall be not |ess
than 1.5 neters below tops of rails, unless otherw se indicated.
Separators or spacing bl ocks shall be nade of steel, concrete, plastic, or
a conbination of these materials placed not further apart than 1.2 neters
on centers. Ducts shall be securely anchored to prevent novenent during

t he placenent of concrete and joints shall be staggered at |east 150 nmm
vertically.
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3.

3.4 Installation of Couplings

Joints in each type of duct shall be nade up in accordance with the

manuf acturer’s reconmendati ons for the particular type of duct and coupling
sel ected and as approved. In the absence of specific recomendations,
various types of duct joint couplings shall be made watertight as specified.

.3.4.1 Pl asti c Duct

Duct joints shall be nade by brushing a plastic solvent cenent on insides
of plastic coupling fittings and on outsides of duct ends. Each duct and
fitting shall then be slipped together with a quick one-quarter-turn tw st
to set the joint tightly.

.4 MANHCOLES AND HANDHOLES

The manhol es and handhol es shall be as specified in Section 16375
ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND.

.5 VEELDI NG

The wel di ng of supports and netallic ducts and wel ding or brazing of
el ectrical connections shall be formed by qualified wel ders.

.6 CABLE MARKERS

Cabl e markers or tags shall be provided for each cable at duct entrances
entering or |eaving nmanhol es or handhol es and at each termi nation within
the lighting vault. Cables in each manhol e or handhol e shall have not |ess
than two tags per cable, one near each duct entrance hole. Immediately
after cable installation, tags shall be pernanently attached to cabl es and
wires so that they cannot be accidentally detached.

T FI ELD QUALI TY CONTRCL

The Contracting Oficer shall be notified five working days prior to each
test. Deficiencies found shall be corrected and tests repeated.

7.1 Operating Test

The Contractor shall test each circuit to the newairfield light contro
panel and ensure each is operational. The Contractor shall be responsible
to correct any deficiencies to the new light control panel, existing
conmuni cations, CPUs, or fiber optic line to the airfield light vault. One
day test and one night test shall be conpleted with the presence of the
CGover nnent .

.7.2 Final Qperating Tests

After conpletion of installations and the above tests, circuits, contro
equi prent, and lights covered by the contract shall be denmonstrated to be
in acceptabl e operating condition. Each switch in the control tower
lighting panels shall be operated so that each switch position is engaged
at least twice. During this process, lights and associ ated equi pnent shal
be observed to determ ne that each switch properly controls the
corresponding circuit. Tel ephone or radi o communi cation shall be provided
bet ween the operator and the observer. Tests shall be repeated fromthe
alternate control station, fromthe renote control points, and again from
the local control switches on the regulators. Each lighting circuit shal
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be tested by operating the | anps at naxi mum brightness for not |ess than 30
mnutes. At the beginning and at the end of this test the correct nunber
of lights shall be observed to be burning at full brightness. One day and
one ni ght operating test shall be conducted for the Contracting Oficer

3.8 FI NI SHI NG

Painting required for surfaces not otherw se specified and finish painting
of itens only primed at the factory shall be as required in Section 09900
PAI NTI NG, GENERAL.

-- End of Section --
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3.6.2 Category 5 Circuits
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SECTI ON 16710

PREM SES DI STRI BUTI ON SYSTEM

PART 1 GENERAL

1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.

ELECTRONI C | NDUSTRI ES ASSOCI ATI ON ( El A)

El A ANSI/ TI A/ El A-568- A (1995) Commercial Building
Tel ecommuni cati ons Cabling Standard

El A ANSI/ TI A/ El A- 606 (1993) Administration Standard for the
Tel ecommuni cations Infrastructure of
Conmer ci al Bui | di ngs

El A ANSI / TI A/ El A- 607 (1994) Commrercial Building G ounding and
Bondi ng Requi renents for Tel econmuni cations

ElIA TSB 67 (1995) Transm ssi on Performance
Specifications for Field Testing of
Unshi el ded Twi sted Pair Cabling Systens
| NSULATED CABLE ENGQ NEERS ASSQOCI ATI ON (| CEA)

| CEA S-80-576 (1994) Comuni cations Wre and Cabl e for
Wring of Prem ses

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 70 (1996; Errata) National Electrical Code
1.2  SYSTEM DESCRI PTI ON
The prenises distribution systemshall consist of inside-plant horizontal
riser, and backbone cabl es and connecting hardware to transport tel ephone
and data (including LAN) signals between equipnent itens in a building.
1.3 ENVI RONVENTAL REQUI REMENTS
Connecting hardware shall be rated for operation under anbient conditions of
0O to 60 degrees C and in the range of 0 to 95 percent relative humdity,
noncondensi ng.
1.4  QUALI FI CATI ONS

1.4.1 M ni mum Contractor Qualifications

Al'l work under this section shall be perfornmed by and all equi pnent shal
be furnished and installed by a certified Tel ecommuni cati ons Contractor
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1

hereafter referred to as the Contractor. Wth the exception of furnishing
and installing conduit, electrical boxes, and pullwi res, this work shal

not be done by the Electrical Contractor. The Contractor shall have the
followi ng qualifications in Tel ecomuni cations Systens installation

a. Contractor shall have a mninmumof 3 years experience in the
application, installation and testing of the specified systens and
equi prent .

b. Al supervisors and installers assigned to the installation of
this systemor any of its conponents shall have factory
certification fromeach equi prent manufacturer that they are
qualified to install and test the provided products. Genera
electrical trade staff (electricians) shall not be used for the
installation of the prem ses distribution system cabl es and
associ at ed hardwar e.

c. Al installers assigned to the installation of this systemor any
of its conponents shall have a mninumof 3 years experience in
the installation of the specified copper and fi ber optic cable and
component s.

4.2 M ni mrum Manuf acturer Qualifications
The equi pnent and hardware provided under this contract will be from

manuf acturers that have a mninmumof 3 years experience in producing the
types of systens and equi prent specified.

.5 SUBM TTALS

CGovernnent approval is required for subnmttals with a "GA" designation
submittals having an "FI O' designation are for information only. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 01 Data
Spare Parts; FIO

Lists of spare parts, tools, and test equi pment for each different item of
mat eri al and equi pnent specified, after approval of detail draw ngs, not
later than 2 nonths prior to the date of beneficial occupancy. The data
shall include a conplete list of parts and supplies, with current unit
prices and source of supply, and a list of spare parts recomrended for

st ocki ng.

SD- 04 Dr awi ngs
Prenises Distribution System GA.

Detail drawi ngs including a conplete Iist of equipnent and nateri al

Detail draw ngs shall contain conplete wiring and schematic di agrans and
other details required to denonstrate that the system has been coordi nated
and will function properly as a system Draw ngs shall include vertica
riser diagrans, equipnment rack details, elevation draw ngs of

tel econmuni cations closet walls, outlet face plate details for all outlet
configurations, sizes and types of all cables, conduits, and cable trays.
Drawi ngs shall show proposed | ayout and anchorage of equi prent and
appurtenances, and equipnent relationship to other parts of the work
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i ncludi ng cl earance for nmi ntenance and operati on.
Record Drawi ngs; GA

Record drawi ngs for the installed wiring systeminfrastructure per ElA
ANSI/ TI A/ El A-606. The drawi ngs shall show the location of all cable

term nations and | ocation and routing of all backbone and hori zontal
cables. The identifier for each term nation and cabl e shall appear on the
dr awi ngs.

SD-06 | nstructions
Manuf act urer’s Reconmendati ons; GA.

Where installation procedures, or any part thereof, are required to be in
accordance with the recommendati ons of the nanufacturer of the material
being installed, printed copies of these recomendations, prior to
installation shall be provided. Installation of the itemw |l not be

all owed to proceed until the recommendati ons are received and approved.

SD-08 Statenents
Test Plan; GA
Test plan defining the tests required to ensure that the system neets
techni cal, operational and performance specifications, 60 days prior to the
proposed test date. The test plan nust be approved before the start of any
testing. The test plan shall identify the capabilities and functions to be

tested, and include detailed instructions for the setup and execution of
each test and procedures for eval uation and docunentation of the results.

Qualifications; GA
The qualifications of the Manufacturer, Contractor, and the Installer to
performthe work specified herein. This shall include proof of the m ninum
qualifications specified herein.

SD-09 Reports
Test Reports; ga.
Test reports in booklet formw th witness signatures verifying execution of
tests. Test results will also be provided on 89 nmdiskettes in Mcrosoft
Wrd format. Reports shall showthe field tests perforned to verify
conpliance with the specified performance criteria. Test reports shall
i nclude record of the physical paraneters verified during testing. Test
reports shall be submitted within 10 working days after conpletion of
testing.

SD- 13 Certificates
Prem ses Distribution System GA.

Witten certification that the prem ses distribution systemconplies with
the EI A ANSI/ Tl A/ El A-568- A st andar ds.

Mat eri al s and Equi prent; GA

Wiere materials or equipment are specified to conform be constructed or
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tested to neet specific requirenents, certification that the itens provided
conformto such requirenments. Certification by a nationally recognized
testing laboratory that a representative sanple has been tested to neet the
requi renents, or a published catal og specification statenent to the effect
that the itemneets the referenced standard, will be acceptable as evidence
that the itemconforns. Conpliance with these requirenents does not
relieve the Contractor from conpliance with other requirenents of the

speci fications.

Installers; GA

The Contractor shall submit certification that all the installers are
factory certified to install and test the provided products.

SD- 18 Records
Record Keepi ng and Docunentation; GA.

Docunent ati on on cables and term nation hardware i n accordance with ElI A
ANSI / TI A/ El A- 606.

1.6 DELI VERY AND STORAGE
Equi pnent delivered and placed in storage shall be stored with protection
fromthe weather, humdity and tenperature variation, dirt and dust or
ot her contamni nants.

1.7 OPERATI ON AND MAI NTENANCE MANUALS
Conmmercial off the shelf nanuals shall be furnished for operation
installation, configuration, and maintenance for all products provided as a
part of the prem ses distribution system Specification sheets for al
cabl e, connectors, and other equi prent shall be provided.

1.8 RECORD KEEPI NG AND DOCUVMENTATI ON

1.8.1 Cabl es

A record of all installed cable shall be provided showi ng term nating
points and cable test. A licensed copy of the cabl e nmanagenent software
i ncl udi ng docunentation, shall be provided. Include the required data

fields for each cable and conplete end-to-end circuit report for each
conplete circuit fromthe assigned outlet to the entry facility.

PART 2 PRODUCTS

2.1 MATERI ALS AND EQUI PMVENT
Mat eri al s and equi pnent shall be the standard products of a manufacturer
regul arly engaged in the manufacture of the products and shall be the
manufacturer’s | atest standard design that has been in satisfactory use for
at least 1 year prior to installation. Materials and equi pnent shal
conformto the respective publications and other requirenents specified
bel ow and to the applicable requirenents of NFPA 70.

2.2 UNSHI ELDED TW STED PAI R CABLE SYSTEM

2.2.1 Cabl e I nsul ati on
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For each individual Category 5 cable, the insulation, material used on each
pair shall be exactly the sane in all physical, electrical, and chenica
respects. The use of Teflon insulated, plenumrated Category 5 cable is
acceptabl e for both pl enum and non-pl enum applications. [|f Teflon

i nsulated plenumrated cable is used by the Contractor, it shall be Type
4x0, where all four pairs are Teflon insulated. Type 3x1 and 2x2 are not
accept abl e.

2.2.2 Ri ser Cabl e

Ri ser cable shall neet the requirenents of | CEA S-80-576 and El A
ANSI/ TI A/ El A-568-A for Category 5 100-ohm unshi el ded tw sted pair cable.
Cabl e shall be Il abel-verified. Cable jacket shall be factory marked at
regul ar intervals indicating verifying organi zation and perfornance | evel
Conductors shall be solid untinned copper 24 AWG  Cabl e shall be rated CWVR
or CWVP per NFPA 70.

2.2.3 Hori zont al Cabl e

Hori zontal cable shall neet the requirenents of EIA ANSI/TI A/ El A-568-A for
Category 5 horizontal cable. Cable shall be |abel-verified. Cable jacket
shall be factory marked at regular intervals indicating verifying

organi zati on and performance | evel. Conductors shall be solid untinned
copper 24 AWG. Cable shall be rated CMG or CMP per NFPA 70.

2.2. 4 Connecti ng Har dwar e

Connecting and cross-connecting hardware shall be the sane category as the
cable it serves. Hardware shall be in accordance with and El A
ANSI / TI A/ EI A-568- A

2.2.4.1 Tel ecommuni cations Qutlets

Wall and desk outlet plates shall cone equipped with two nodul ar j acks,
with the top or left jack |abeled "voice" and the bottomor right jack

| abel ed "data". Mbdul ar jacks shall be RJ-45 and the sane category as the
cable they termnate and shall neet the requirenents of ElIA
ANSI/ TI A/ El A-568-A.  Mdul ar jack pin/pair configuration shall be T568A per
El A ANSI/TI A/ El A-568-A. Mdul ar jacks shall be unkeyed. Facepl ates shal
be provided and shall be ivory in color, inpact resistant plastic. Qutlet
assenblies used in the prem ses distribution systemshall consist of
nodul ar jacks assenbled into both sinplex and duplex outlet assenblies in
single or double gang covers as indicated on the drawi ngs. The nodul ar
jacks shall conformto the requirenments of EIA ANSI/TI A/ El A-568-A, Category
5.

2.2.4.2 Ter mi nal Bl ocks

Term nal bl ocks shall be wall nounted wire term nation units consisting of
i nsul ation di splacenent connectors nmounted in plastic blocks, frames or
housi ngs. Bl ocks shall be type 110 which neet the requirenents of ElA
ANSI / TI A/ El A-568- A for category 5. Blocks shall be nounted on standoffs
and shall include cable managenent hardware. |nsulation displacenent
connectors shall termnate 22 or 24 gauge solid copper wire as a mni mum
and shall be connected in pairs so that horizontal cable and connected
junper wires are on separate connected term nals.

2.3 EQUI PMENT MOUNTI NG BACKBOARD
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Pl ywood backboards shall be provided, sized as shown, painted with white or
Iight col ored paint.

2.4 TELECOVMUNI CATI ONS QUTLET BOXES

El ectrical boxes for teleconmunication outlets shall be 117 nm square by 53
nmm deep with mninum 9 nm deep single or two gang plaster ring as shown.
Provide a m ni mum 25 nm condui t.

PART 3 EXECUTI ON
3.1 | NSTALLATI ON

Syst em conponents and appurtenances shall be installed in accordance with
NFPA 70, manufacturer’s instructions and as shown. Necessary

i nterconnections, services, and adjustnents required for a conplete and
operabl e signal distribution systemshall be provided. Conponents shall be
| abel ed at both connection points, outlet port and punchdown bl ocks.
Penetrations in fire-rated construction shall be firestopped in accordance
with Section 07840 FI RESTOPPI NG Conduits, outlets and raceways shall be
installed in accordance with Section 16415 ELECTRI CAL WORK, | NTERI OR
Wring shall be installed in accordance with EI A ANSI/ Tl A/ El A-568-A and as
specified in Section 16415 ELECTRI CAL WORK, INTERIOR Wring, and ternina
bl ocks and outlets shall be marked in accordance at both connection points,
punchdown bl ock and outlet port. Cables shall not be installed in the sane
cable tray, utility pole conpartnent, or floor trench conpartnent with ac
power cables. Cables not installed in conduit or wreways shall be
properly secured and neat in appearance and, if installed in plenuns or

ot her spaces used for environmental air, shall conply with NFPA 70
requirenents for this type of installation

3.1.1 Hori zontal Distribution Cable

The rated cable pulling tension shall not be exceeded. Cable shall not be
stressed such that twi sting, stretching or kinking occurs. Cable shall not
be spliced. Cable shall not be run through structural nenbers or in
contact with pipes, ducts, or other potentially damaging itens. Pl acenent
of cable parallel to power conductors shall be avoided, if possible; a

nm ni nrum separation of 300 mm shall be nuaintai ned when such pl acenent
cannot be avoided. Cables shall be terninated; no cable shall contain
unterm nated el enents. M ni num bendi ng radi us shall not be exceeded during
installation or once installed. Cable ties shall not be excessively

ti ghtened such that the transm ssion characteristics of the cable are
altered. In raised floor areas, cable shall be installed after the
flooring systemhas been installed. Cable 1.8 neters long shall be neatly
coiled not less than 300 nmin dianeter bel ow each feed point in raised
floor areas.

3.1.2 Ri ser and Backbone Cabl e
Vertical cable support intervals shall be in accordance with nmanufacturer’s
recomendati ons. Cable bend radius shall not be less than ten tines the
out side dianmeter of the cable during installation and once installed.
Maxi rumtensile strength rating of the cable shall not be exceeded. Cable
shal | not be spliced.

3.1.3 Tel ecommuni cations Qutlets

3.1.3.1 Facepl at es
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As a mni nrum each jack shall be labeled as to its function and a uni que
number to identify cable link

3.1.3.2 Cabl es

Unshi el ded twi sted pair and fiber optic cables shall have a m nimum of 150
mm of sl ack cable | oosely coiled into the tel ecommuni cations outl et boxes.
M ni mum nmanuf acturers bend radius for each type of cable shall not be
exceeded.

3.1.3.3 Pul | Cords

Pull cords shall be installed in all conduit serving tel ecomunications
outlets which do not initially have fiber optic cable installed.

3.1. 4 Term nal Bl ocks

Term nal bl ocks shall be nounted in orderly rows and colums. Adequate
vertical and horizontal wire routing areas shall be provided between groups
of blocks. Industry standard wire routing guides shall be utilized.

3.2 TERM NATI ON

Cabl es and conductors shall sweep into term nation areas; cables and
conductors shall not bend at right angles. Manufacturer’s m ni num bendi ng
radi us shall not be exceeded. When there are nultiple systemtype drops to
i ndi vi dual workstations, relative position for each system shall be

mai nt ai ned on each systemternination block or patch panel

3.2.1 Unshi el ded Twi sted Pair Cable
Each pair shall be terninated on appropriate outlets, term nal blocks or
patch panels. No cable shall be unterm nated or contain unterni nated
elenments. Pairs shall remain twi sted together to within the proper
di stance fromthe termnation as specified in EIA ANSI/TI A/ El A-568- A

Conductors shall not be danmaged when renoving insulation. Wre insulation
shal | not be damaged when renpbvi ng outer jacket.

3.3  GROUNDI NG
Signal distribution systemground shall be installed in the
tel econmuni cations entrance facility and in each tel ecomuni cations cl oset
in accordance with EIA ANSI/TI A/ El A-607 and Section 16415 ELECTRI CAL WORK
I NTERI OR.  Equi pnent racks shall be connected to the electrical safety
ground.

3.4  ADDI TI ONAL MATERI ALS

The Contractor shall provide the follow ng additional naterials required
for facility startup.

a. 10 of each type outlet.
b. 10 of each type cover plate
c. 1 of each type term nal block for each tel ecommunications cl oset.

d. 1 Set of any and all special tools required to establish a cross
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connect and to change and/or maintain a term nal bl ock
3.5 ADM NI STRATI ON AND LABELI NG
3.5.1 Label i ng
3.5.1.1 Label s
Al labels shall be in accordance with EI A ANSI/TI A/ El A- 606.
3.5.1.2 Cabl e

Al'l cables will be | abeled using color |abels on both ends with
al phabetical and nunerical identifiers.

3.6 TESTI NG

Mat eri al s and docunentation to be furnished under this specification are
subject to inspections and tests. Al conponents shall be term nated prior
to testing. Equipnment and systens will not be accepted until the required
i nspections and tests have been nmade, denonstrating that the signa

di stribution systemconforns to the specified requirenents, and that the
requi red equi pment, systens, and docunentation have been provi ded.

3.6.1 Unshi el ded Twi sted Pair Tests

Al metallic cable pairs shall be tested for proper identification and
continuity. Al opens, shorts, crosses, grounds, and reversals shall be
corrected. Correct color coding and ternination of each pair shall be
verified in the comunications closet and at the outlet. Horizontal wring
shal|l be tested fromand including the term nation device in the

conmuni cations closet to and including the nodular jack in each room
Backbone wiring shall be tested end-to-end, including term nation devices,
fromtermnal block to termi nal block, in the respective conmmunications
closets. These test shall be conpleted and all errors corrected before any
other tests are started.

3.6.2 Category 5 Circuits
Al'l category 5 circuits shall be tested using a test set that neets the
Cass Il accuracy requirenents of EIA TSB 67 standard. Testing shall use
the Basic Link Test procedure of EIA TSB 67. Cables which contain failed
circuits shall be replaced and retested to verify the standard is net.

-- End of Section --
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SECTI ON 16711

TELEPHONE SYSTEM COUTSI DE PLANT

PART 1 GENERAL

1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM D 2239 (1996a) Pol yethylene (PE) Plastic Pipe
(SIDR-PR) Based on Controlled Inside
Di anet er

ELECTRONI C | NDUSTRI ES ASSOCI ATI ON ( El A)

El A ANSI / TI A/ EI A- 607 (1994) Commercial Building G ounding and
Bondi ng Requirenents for Tel econmuni cati ons

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE C2 (1997) National Electrical Safety Code
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (1996; Errata 96-4) National Electrica
Code

RURAL UTI LI TI ES SERVI CE ( RUS)

RUS REA Bulletin 1751F-641 (1995) Construction of Buried Plant

1.2 SYSTEM DESCRI PTI ON
The outside plant systemshall consist of all conduit and manhol es, pul
wires, etc. required to provide signal infrastructure paths fromthe
cl osest point of presence to the new facility, including backboard,
term nating bl ocks, lightning and surge protection nodules at the entry
facility.

1.3 SUBM TTALS
CGovernnent approval is required for subnmittals with a "GA" desi gnation
submittals having an "FI O' designation are for information only. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 06 Instructions

Install ati on; GA.

SECTI ON 16711 Page 2



CONTROL TOVNER, LUKE AFB, AZ
DACAQ09- 99- B- 0014

Printed copies of the manufacturer’s recommendations for the material being
installed, prior to installation. Installation of the itemw |l not be

all onwed to proceed where installation procedures, or any part thereof, are
required to be in accordance with those reconmendations until the
recomendati ons are received and approved.

SD-08 Statenments
Accept ance Tests; GA

Test plans defining all tests required to ensure that the system neets
specified requirenents. The test plans shall define mlestones for the
tests, equi pnment, personnel, facilities, and supplies required. The test
pl ans shall identify the capabilities and functions to be tested.

1.4 DELI VERY AND STORAGE
1.4.1 Equi prent

Al'l equi pnment shall be stored with protection fromthe weather, humdity
and tenperature variations, dirt and dust, or other contanminants, in
accordance with the manufacturer’s requirenents.

PART 2 PRODUCTS
2.1 STANDARD PRODUCTS

Material s and equi pnent shall be the standard products of a nmanufacturer
regul arly engaged in the manufacture of such products and shall be the
manufacturer’s | atest standard design that has been in satisfactory use for
at least 2 years prior to bid opening. Each major conponent of equi pnent
shal | have the manufacturer’s nane and type identified on the equi pnent.

Al products supplied shall be specifically designed and nanufactured for
use with outside plant comruni cations systems. Al itenms of the sane class
of equi prent shall be the products of a single manufacturer.

2.2 MANHOLE AND DUCT
Al'l manhol e and duct products shall conformto REA TE&CM 643-02

2.2.1 New Manhol es
New nmanhol es shall be equipped with pulling-in irons, cable racks, and
ground rod. Manhol es shall be a mninmumas indicated on the draw ngs.
Manhol es shall be designed so that the main trunk conduits enter and exit
near the center of the ends, and lateral conduits exit on the sides near
the corners. Manholes may be pre-cast or cast in place.

2.2.2 Duct / Condui t
Conduit shall be furnished as specified in Sections 16415 ELECTRI CAL WORK,
| NTERI OR and 16375 ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND and as shown
on project draw ngs.

2.2.3 | nner duct

I nnerduct shall be SIDR 11.5 pol yethyl ene plastic pipe conforming to ASTM D
2239.
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2.

3 EQUI PMENT RACKS

Di stribution back-board shall be provided as shown and desi gned to nount
connector bl ocks, protector blocks, cross connects, and other hardware
required to term nate and protect the outside tel ephone plant cable; to
provi de a demarcation point between inside and outside plant cable; and to
al l ow i nside and outside plant cable to be cross connect ed.

. 3.1 Equi pment Mounti ng Backboard

Backboards shall be 19 nm AC pl ywood, sized as shown, painted with white
or light colored paint.

.4 CONNECTOR BLOCKS

Connect or bl ocks consisting of flanme-retardant nol ded plastic fastened to a
nmetal nounting bar shall be provided to terminate the outside plant cable
as shown. The connector bl ocks shall be of 100-pair bl ock size and

equi pped with protection nodules. The connector blocks shall be 24 gauge
stub type. The cable stubs shall be 100 pair and conformto EIA/TIA
Category 5 standards.

PART 3 EXECUTI ON

3.

3.

3.

3.

1 | NSTALLATI ON

Al'l system conponents and appurtenances shall be installed in accordance
with the manufacturer’s instructions and as shown. Al installation work
shall be done in accordance with the safety requirenents set forth in the
general requirenents of | EEE C2 and NFPA 70.

1.1 Buri ed Cabl e

Buried cable installation shall be acconplished in accordance with RUS REA
Bulletin 1751F-641.
1.1.1 Tel ephone Cabl e Bends

Tel ephone cabl e bends shall have a radius of not less than 10 tines the
cabl e dianeter.

1.1.2 Penetrati ons

Penetrations in walls, ceilings or other parts of the building, nade to
provide for cable access, shall be caul ked and seal ed. Where conduits and
ducts pass through fire walls, fire partitions, above grade floors, and
fire rated chase walls, the penetration shall be sealed with fire stopping
materials as specified in Section 07840 FI RESTOPPI NG. Fire stopped
penetrations shall not conpromse the fire rating of the walls or floors.
Al'l underground building entries shall be through waterproof facilities.

1.2 Under ground Cabl e

Underground cable installation shall be acconplished in accordance with the
requirenents set forth in RUS REA Bulletin 1751F-641.

.1.2.1 Penetrati ons for Cable Access

Penetrations in walls, ceilings or other parts of the building, nmade to
provide for cable access, shall be caul ked and seal ed. Were conduits and
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ducts pass through fire walls, fire partitions, above grade floors, and
fire rated chase walls, the penetration shall be sealed with fire stopping
materials as specified in section 07840 FIRE STOPPING Fire stopped
penetrations shall not conpronise the fire rating of the walls or floors.
Al'l underground building entries shall be through waterproof facilities.

3.1.2.2 Cabl e Bends

Tel ephone cabl e bends in conduit shall have a radius of not |ess than 10
times the cable dianeter. Only large radius sweeps shall be used in
conduit runs and shall not exceed a cunul ative 90 degrees between nanhol es.

3.1.3 Manhol e and Duct s

Manhol e and duct systens shall be installed in accordance with Section 16375
ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND. Manhol es shall be placed in
line with the main duct. Splice cases shall be nounted in the center on

the long sides. Lateral conduits shall exit the |long sides near the

corners

3.1.3.1 | nnerduct Install ation

I nnerduct shall be pulled through existing duct-nmanhole systemin
continuous sections. Splices, joints, couplings, or connections of any
type will not be all owed between nmanhol es. [|nnerduct shall be plugged at
both ends with pol yuret hane foam duct seal; this material shall also be

i nserted between the innerduct and the duct if cables are placed in the

i nnerducts. Only one cable shall be installed in a given innerduct.

Exi sting and new unoccupi ed innerducts shall be trimed | eaving 50 mm
exposed.

3.1.3.2 Pul | Cord

Pull cords of 10 mm pol ypropyl ene shall be installed in all unused ducts
and inner-ducts with a nininmumof 610 nm spare cord protruding from each
end.

3.2 GROUNDI NG

Except where specifically indicated otherw se, all exposed non-current
carrying nmetallic parts of tel ephone equi pnent, cable sheaths, cable
splices, and termnals shall be grounded. G ounding shall be in accordance
with requirements of NFPA 70, Articles 800-33 and 800-40.

3.2.1 Ground Bars

3.2.1.1 Tel ecommuni cati ons Master G ound Bar ( TMGB)
A copper TMEB shall be provided, in accordance with EI A ANSI/ Tl A/ El A- 607,
to be the hub of the basic grounding system by providing a conmon poi nt of
connection for ground from outside cable, MDF, and equi pnent. The TMGEB
shal | have a ground resistance, including ground, of 10 ohns or |ess.

3.2.1.2 Tel ecomuni cati ons Ground Bar (TGB)
Copper TGB shall be provided in accordance with EIA ANSI/TI A/ EI A-607 in
each conmuni cations closet and room and each frane. The TGB shall be

connected to the TM3B in accordance with EI A ANSI/TI A/ El A-607. Each TGB
shal | be connected to the TMSB by the nost direct route utilizing a copper
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wi re conductor with a total resistance of |ess than 0.01 ohns.

-- End of Section --
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SECTI ON 16768

FI BER OPTI C DATA TRANSM SSI ON SYSTEM

PART 1 GENERAL
1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.
CODE OF FEDERAL REGULATI ONS ( CFR)
47 CFR 15 Radi o Frequency Devi ces
ELECTRONI C | NDUSTRI ES ASSCOCI ATI ON (El A)
El A ANSI/ EI A/ TI A-232-E (1991) Interface Between Data Termi nal
Equi pnent and Data Circuit-Term nating
Equi pnent Enpl oyi ng Serial Binary Data
I nt er change
El A ANSI / TI A/ El A- 455- 13A (1996) FOTP-13 Vi sual and Mechani cal

| nspection of Fiber Optic Conponents,
Devi ces, and Assenblies

El A ANSI / EI A/ TI A- 455- 25B (1996) FOTP-25 Repeated |npact Testing of
Fi ber Optic Cables and Cabl e Assenblies
El A ANSI / TI A/ El A- 455- 41A (1993) FOTP-41 Conpressive Loading
Resi st ance of Fiber Optic Cables
El A ANSI/ El A/ TI A- 455- 46A (1990) FOTP-46 Spectral Attenuation

Measur enment for Long-Length, G aded-I|ndex
Optical Fibers

El A ANSI / ElI A/ TI A- 455-47B (1992) FOTP-47 Qutput Far Field Radiation
Pat t ern Measurenment

El A ANSI / EI A/ Tl A- 455-59 (1989) FOTP-59 Measurenent of Fiber Point
Def ects Using an OIDR

El A ANSI / EI A/ TI A-455-61 (1989) FOTP-61 Measurenent of Fiber or
Cabl e Attenuation Using an OTDR

El A ANSI / El A- 455- 65 (1988) FOTP-65 Optical Fiber Flexure Test

El A ANSI / El A- 455- 81A (1992) FOTP-81 Conpound Flow (Drip) Test

for Filled Fiber Optic Cable

El A ANSI/ EI A/ TI A- 455- 82B (1992) FOTP-82 Fluid Penetration Test for
Fl ui d- Bl ocked Fi ber Optic Cable

El A ANSI / El A- 455- 88 (1987) FOTP-88 Fiber Optic Cable Bend Test
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El A ANSI / El A- 455-91 (1986; R 1991) FOTP-91 Fiber Optic Cable
Twi st - Bend Test

El A ANSI / TI A/ El A- 455- 104A (1993) FOTP-104 Fi ber Optic Cable Cyclic
Fl exi ng Test

El A ANSI/ El A/ TI A-455-170 (1989) FOTP-170 Cabl e Cutoff Wavel ength of
Si ngl e- Mode Fi ber by Transmtted Power

El A ANSI / El A- 455-171 (1987) FOTP-171 Attenuation by
Substitution Measurenent - for
Short-Length Multi node G aded-I|ndex and
Si ngl e- Mode Optical Fiber Cable Assenblies

El A ANSI/ Tl A/ EI A- 455-177A (1992) FOTP-177 Numerical Aperture
Measur enment of G aded-1ndex Optical Fibers

El A ANSI/ TI A/ El A- 606 (1993) Administration Standard for the
Tel ecomruni cations I nfrastructure of
Conmer ci al Bui | di ngs

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMB)

NENVA 250 (1991) Enclosures for Electrical Equipnent
(1000 volts Maxi mum

NATI ONAL FI RE PROTECTI ON ASSQOCI ATI ON ( NFPA)
NFPA 70 (1996; Errata) National Electrical Code
UNDERWRI TERS LABORATORI ES (UL)

UL 910 (1995; Rev May 1995) Test for
Fl ame- Propagat i on and Snoke-Density Val ues
for Electrical and Optical - Fi ber Cables
Used in Spaces Transporting Environnenta
Air

UL 1666 (1997) Test for Flame Propagation Hei ght
of Electrical and Optical - Fi ber Cabl es
Installed Vertically in Shafts

1.2 SYSTEM DESCRI PTI ON
1.2.1 Cener a

A fiber optics (FO data transm ssion system (DTS) shall be provided. The
data transmi ssion systemshall consist of fiber optic transm ssion nedia,
FO nodens, and term nal devices (such as connectors, patch panels and

br eakout boxes).The data transm ssion systemshall interconnect system
conmponents as shown. Conputing devices, as defined in 47 CFR 15, shall be
certified to conply with the requirenments for C ass B conputing devices and
| abel ed as set forth in 47 CFR 15.

1.2.2 Envi ronnment al Requi renents
Equi pnrent and cable to be utilized indoors shall be rated for continuous

operation under anbi ent environnental conditions of 0 to 50 degrees C dry
bulb and 10 to 95 percent relative hunidity, noncondensing. Equipnent
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shal | be rated for continuous operation under the anbi ent environnental

tenperature, pressure, humdity, and vibration conditions specified or

normal |y encountered for the installed location. Fiber optic cable for

outdoor installation shall be rated for mnus 40 to plus 60 degrees C.
1.2.3 El ectrical Requirenents

The equi pnent shall operate froma voltage source as shown, plus or mnus
10 percent, and 60 Hz, plus or nminus 2 percent.

1.3 DELI VERY OF TECHNI CAL DATA

1.3.1 Group | Technical Data Package

1.3.1.1 Syst em Dr awi ngs

The package shall include the foll ow ng:

a. Comuni cations system bl ock di agram
b. FO nodeminstallation, block diagrans, and wi ring diagrans.
c. FO nmodem physical |ayout and schenatics.
d. Details of interfaces with other systens.
e. Details of connections to power sources, including grounding.
g. Details of cable splicing and connector installations.

i. Details of underground cable installation, cable entrance into
bui |l di ngs, and term nations inside encl osures.

1.3.1.2 Equi prent Dat a

A conpl ete data package shall be delivered for all material, including
field and system equi pnent.

1.3.1.3 Data Transm ssion System Description and Anal yses

a. FO nodemtransnmit and receive |levels, and | osses in decibels (dB)
on each comuni cation |ink.

1.3.1. 4 Certifications

Speci fied manufacturer’s certifications shall be included with the data
package.

1.4  SUBM TTALS
Governnent approval is required for subnmittals with a "GA" designation;
submittals having an "FI O' designation are for information only. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:
SD-01 Data

Fi ber Optic System FIQ
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Equi pnent cal cul ations for flux budgets and gain margins.
Spare Parts; FIO

Data |lists of spare parts, tools, and test equi pnent for each different
itemof material and equi pnent specified, after approval of detail draw ngs
not later than 1 nonth prior to the date of beneficial occupancy.

SD- 04 Dr awi ngs
Fi ber Optic System GA

Detail drawi ngs including a conplete lIist of equipnent and nateri al

i ncludi ng manufacturer’s descriptive and technical literature, performance
charts and curves, catalog cuts, and installation instructions. Detai

drawi ngs shall contain conplete wiring and schenatic diagrans and any ot her
details required to denonstrate that the system has been coordi nated and
will properly function with its associated systens. Draw ngs shall show
proposed | ayout and anchorage of equi pnent and appurtenances, and equi pnent
relationship to other parts of the work including clearance for maintenance
and operations. Systemdraw ngs shall show final configuration, including
| ocation, type and termination of inside fiber optics and show ng the

| ocation, duct and innerduct arrangenent, or fiber assignnent of outside
plant. The ac power consunption and heat dissipation shall be shown under
bot h normal and naxi num operating conditions.

SD-06 | nstructions
Manuf acturers’ Reconmmendations; GA.

Where installation procedures, or any part thereof, are required to be in
accordance with the recommendati ons of the manufacturer of the materi al
being installed, printed copies of these recomendations shall be subnitted
prior to installation. Installation of the itemw Il not be allowed to
proceed until the recommendati ons are received and approved.

Qperation and Mai ntenance |Instructions; FIO

Si x copies of operating instructions outlining the step-by-step procedures
required for system operation including description of each subsystemin
its operating node. Instructions shall include the manufacturer’s nane,
service manual, parts list, and a brief description of equipnent,
conponents, and their basic operating features. Six copies of the

mai nt enance instructions listing regular maintenance procedures, possible
system failures, a troubl eshooting guide for repairs, and sinplified
diagrans for the systemas installed. A video describing operating and
mai nt enance instructions may be incl uded.

SD-08 Statenments
Test Plans; GA
Test plans shall define tests required to ensure that the system neets
techni cal, operational, and performance specifications. The test plans
shal | define nmilestones for the tests, equi pnment, personnel, facilities,
and supplies required. The test plans shall identify the capabilities and
functions to be tested.

SD- 09 Reports
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Test Reports; FIO

Test reports, in booklet formshowing field tests perforned to adjust each
component and field tests perforned to prove conpliance with the specified
performance criteria, upon conpletion and testing of the installed system

SD- 13 Certificates

Manuf acturer’s certificate indicating conpliance with transm ssion and
reliability requirenments. Were equipnent or materials are specified to
conformto the standards or publications and requirenents of CFR, ANSI
NFPA, EIA, or UL, certificates attesting that the itens furnished under
this section of the specification conformto the specified requirenents.

PART 2 PRCODUCTS

2.

1 FO MODEMS

FO nodens shall be selected to neet FO systemrequirenents. The nodens
shall allow full duplex, asynchronous, point-to-point digital conmunication
using an FO pair.

1.1 FO Modem Qper ati ng Wavel engt h

The operating wavel ength shall be as specified by ADB engineers to neet ADB
manufactured airfield light control equipnent.

1.2 FO Modem | nputs and CQut puts

FO nodens shall accept inputs and provide outputs conpatible with EIA
ANSI / EI A/ TI A- 232-E.

.2 ENCL OSURES

Encl osures shall conformto the requirenents of NEMA 250 for the types
specified. Finish color shall be the nmanufacturer’s standard, unless
otherwi se indicated. Damaged surfaces shall be repaired and refinished
using original type finish

2.1 Interior

Encl osures installed indoors shall neet the requirenents of Type 12 or as
shown.

. 2.2 Exterior

Encl osures installed outdoors shall neet the requirenents of Type 4.

.3 SYSTEM REQUI REMENTS

.3.1 Si gnal Transm ssi on Fornmat Code

FO equi pnent shall use the sane transnission code format fromthe beginning
of a circuit to the end of that circuit. Different transm ssion code
formats may be used for different circuits as required to interconnect

supported equi pnent.

. 3.2 Fl ux Budget/ Gain Margin
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FO links shall have a mininumgain margin of 6 dB. The flux budget is the
di fference between the transnmitter output power and the receiver input
power required for signal discrimnation when both are expressed in dBm
The flux budget shall be equal to the sum of |osses (such as insertion

| osses, connector and splice | osses, and transm ssion | osses) plus the gain
margin. When a repeater or other signal regenerating device is inserted to
extend the length of an FO circuit, both the circuit between the
transmitter and the repeater-receiver, and the circuit between the
repeater-transmitter and the receiver are considered i ndependent FO |inks
for gain margin cal cul ati ons.

2.3.3 Recei ver Dynani ¢ Range

The dynami c range of receivers shall be |large enough to accomopdate both

t he worst-case, minimmreceiver flux density and the maxi mum possi bl e,
receiver flux density. The receiver dynanic range shall be at least 15 dB
Where required, optical attenuators shall be used to force the FOIink
power to fall within the receiver dynam c range

2.4 OPTI CAL FI BERS
2.4.1 Cener a

Optical fibers shall be coated with a suitable material to preserve the
intrinsic strength of the glass. The outside dianeter of the gl ass-cl added
fiber shall be nominally 125 microns, and shall be concentric with the
fiber core. Optical fibers shall neet EIA ANSI/ElI A/ Tl A-455- 46A, EI A

ANSI / El A- 455-65, and EI A ANSI/ Tl A/ El A- 455- 177A.

2.4.2 8.3 Mcron Single Mde Fibers

Conductors shall be single-nobde, graded index, solid glass wavegui des with
a nonminal core dianmeter of 8.3 microns. The nunerical aperture for each
optical fiber shall be a nmininmmof 0.10. The attenuation at 1330
nanoneters shall be 0.5 dB/Kmor less. The fibers shall be certified to
neet EI A ANSI/El A/ Tl A- 455- 170.

2.5 CABLE CONSTRUCTI ON
2.5.1 Cener a

The cable shall contain a mninmumof two fiber optic conductors for each
full duplex circuit. Each fiber shall be protected by a protective tube.
Cabl es shall have a jacketed strength nenber, and an exterior jacket.
Cabl e and fiber protective covering shall be free fromholes, splits,
blisters, and other inperfections. The covering shall be flanme retardant,
noi sture resistant, non-nutrient to fungus, ultraviolet light resistant as
specified and nontoxic. Mechanical stress present in cable shall not be
transmitted to the optical fibers. Strength nenbers shall be non-netallic
and shall be an integral part of the cable construction. The conbined
strength of all the strength menbers shall be sufficient to support the
stress of installation and to protect the cable in service. The exterior
cabl es shall have a mninum storage tenperature range of mnus 20 to plus
75 degrees C. Interior cables shall have a m ni mum storage tenperature of
mnus 10 to plus 75 degrees C. Al cables furnished shall neet the

requi renent of NFPA 70. Fire resistant characteristics of cables shal
conformto Article 770, Sections 49, 50, and 51. A flooding conmpound shal
be applied into the interior of the fiber tubes, into the interstitial
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spaces between the tubes, to the core covering, and between the core
covering and jacket of all cable to be installed aerially, underground, and
in locations susceptible to noisture. Flooded cables shall conply with EIA
ANSI / El A- 455-81A and EI A ANSI/ EI A/ TI A-455-82B. Cables shall be fromthe
same manufacturer, of the same cable type, and of the sane size. Each
fiber and protective coverings shall be continuous with no factory splices.

Fi ber optic cable assenblies, including jacketing and fibers, shall be
certified by the manufacturer to have a minimumlife of 30 years. Plenum
cable shall neet UL 910, and riser cable shall neet UL 1666. FO cable
shall be certified to neet the followi ng: ElIA ANSI/TIA El A-455-13A, EIA
ANSI / EI A/ TI A- 455-25B, EI A ANSI/ Tl A/ El A-455-41A, EI A ANSI/ ElI A/ TI A- 455-47B
El A ANSI/ ElI A/ TI A-455-59, EI A ANSI/EI A/ TI A-455-61, EI A ANSI/El A-455-88, ElIA
ANSI / El A-455-91, EIA ANSI/TI Al El A-455- 104A, and ElI A ANSI/ El A- 455-171.

2.5.2 Exteri or Cabl e
2.5.2.1 Duct Cabl e

The optical fibers shall be surrounded by a tube buffer, shall be contained
in a channel or otherw se | oosely packaged to provide cl earance between the
fibers and inside of the container, and shall be extruded froma naterial
having a coefficient of friction sufficiently lowto allow the fiber free
novenent .

a. The cable outer jacket shall be nedium density pol yethyl ene
material with orange pignent added for ease of identification

b. Tensile strength: Cables shall withstand an installation tensile
| oad of not | ess than 2700 Newtons and not |ess than 600 New ons
conti nuous tensile |oad.

c. Inmpact and Crush resistance: The cables shall w thstand an inpact
of 3 Newton-nmeters as a mninmm and shall have a crush
resi stance of 220 Newtons per square centinmeter as a m ninmm

2.5.3 Interior Cable

a. Loose buffer tube cable construction shall be such that the
optical fibers shall be surrounded by a tube buffer, shall be
contained in a channel or otherw se | oosely packaged to provide
cl earance between the fibers and the inside of the container to
all ow for thermal expansions w thout constraining the fiber. The
protective contai ner shall be extruded froma material having a
coefficient of friction sufficiently lowto allow the fiber free
noverment. The cable outer jacket shall be flane retardant
pol yvi nyl chloride (PVC) or fluorocopolynmer (FCP), which conplies
with NFPA 70 for OFNP applications.

(1) Tensile strength: Cables of 12 fibers or less shall wthstand
an installation tensile load of not |less than 1,100 Newtons and
not |less than 89 Newtons continuous tensile load. Cables with
more than 12 fibers shall withstand an installation | oad of not

| ess than 530 Newtons and a long termtensile | oad of not |ess

t han 53 Newt ons.

(2) Impact and Crush resistance: The cables shall wthstand an

i mpact of 4.89 Newton-neters as mnimm and shall have a crush
resi stance of 700 Newtons per square centinmeter as a mni num
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b. Tight buffer tube cable construction shall be extrusion of plastic
over each cladded fiber, with an outer jacket of flane retardant
PVC or FCP, which conplies with NFPA 70 for OFNR requirenments for
ri ser cables and vertical shaft installations. Optical fibers
shal | be covered in near contact with an extrusion tube and shal
have an intermediate soft buffer to allow for the therm
expansi ons and m nor pressures.

(1) Tensile Strength: Cables of 12 fibers or |ess shal
withstand an insulation tensile |oad of not |ess than 845 New ons
and not |ess than 222 Newtons continuous tensile |oad. Cables
with nore than 12 fibers shall withstand an installation | oad of
not |ess than 667 Newons and a long termtensile |oad of not

| ess than 133 Newt ons.

(2) Inpact and Crush resistance: The cables shall w thstand an
i mpact of 1.8 Newton-meters as a mininmum and shall have a crush
resi stance of 140 Newtons per square centineter as a m ni num

c. Plenum Rated Cables: Cable to be installed inside plenuns shal
additionally nmeet the requirements of UL 910.

2.5.4 Pigtail Cables

Cabl e used for connections to equi pnent shall be flexible fiber pigtai

cabl es having the sane physical and operational characteristics as the
parent cable. The cable jacket shall be flame retardant PVC or FCP, which
conplies with NFPA 70 for OFNP applications. MaximmdB |loss for pigtail
cable shall be 3.5 dB/km at 850 nanometers, and 1.0 dB/kmat 1330

nanonet ers.

2.6 FO CONNECTORS

FO connectors shall be the straight tip, bayonet style, field installable,
sel f-aligning and centering. FO connectors shall match the fiber core and
cl addi ng di aneters. The connector coupler shall be stainless steel and the
alignment ferrule shall be ceramic. FO equipnent and cabl e shall use the
sanme type connectors. Connector insertion |oss shall be noninally 0.3 dB
and less than 0.7 dB

2.7 MECHANI CAL SPLI CES

Mechani cal splices shall be suitable for installation in the field.

Ext ernal power sources shall not be required to conplete a splice. Splices
shal | be self-aligning for optinmum signal coupling. Mechanical splices
shal |l not be used for exterior applications where they may be buried
underground or |aced to aerial nessenger cables. Mechanical splices may be
used for interior locations and within enclosures. Splice closures shal
protect the spliced fibers fromnoisture and shall prevent physical damage.

The splice closure shall provide strain relief for the cable and the fibers
at the splice points.

2.8 CONDUI' T, FITTI NGS AND ENCLOSURES

Conduit shall be as specified in Section 16415 ELECTRI CAL WORK, | NTERI OR
and Section 16375 ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND, and as shown.

PART 3 EXECUTI ON
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3.

3.

3.

1 | NSTALLATI ON

Syst em conponents and appurtenances shall be installed in accordance with
the manufacturer’s instructions and as shown. |nterconnections, services,
and adjustnments required for a conplete and operable data transm ssion
system shal | be provided.

1.1 Interior Wrk

Conduits, tubing and cable trays for interior FO cable interior shall be
installed as specified in Section 16415 ELECTRI CAL WORK, | NTERI OR and as
shown. Cable installation and applications shall neet the requirenents of
NFPA 70, Article 770, Sections 52 and 53. Cables not installed in conduits
or wireways shall be properly secured and neat in appearance, and if
installed in plenunms or other spaces used for environmental air, shal
comply with NFPA 70 requirenents for this type of installation.

1.2 Ext erior Underground Cabl e

Except as ot herwi se specified, conduits, ducts, and nmanhol es for
under ground FO cabl e systens shall be installed as specified in Section
16375 ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND and as shown.

a. Mnimumburial depth for cable shall be 750 millinmeters, but not
| ess than the depth of the frost line. Burial depth specified
shal | take precedence over any requirenents specified el sewhere.

b. For cables installed in ducts and conduit, a cable |ubricant
conpatible with the cable sheathing material shall be used on al
cables pulled. Pulling fixtures shall be attached to the cable

strength nenbers. |If indirect attachments are used, the grip
di aneter and length shall be matched to the cable dianeter and
characteristics. |If an indirect attachment is used on cables

having only central strength menbers, the pulling forces shall be
reduced to ensure that the fibers are not danaged from forces
being transmtted to the strength nenber. During pulling the
cable pull line tension shall be continuously nonitored using
dynanoneters or |oad-cell instruments, and shall not exceed the
maxi mum t ensi on specified by the cable nanufacturer. The
nmechani cal stress placed upon the cable during installation shal
be such that the cable is not twi sted or stretched. A cable
feeder guide shall be used between the cable reel and the face of
the duct or conduit to protect the cable and guide it into the
duct or conduit as it is unspooled fromthe reel. As the cable is
unspooled fromthe reel, it shall be inspected for jacket defects
or damage. The cable shall not be kinked or crushed and the

m ni mum bend radi us of the cable shall not be exceeded during
installation. Cable shall be hand fed and gui ded through each
manhol e and additional |ubricant shall be applied at al

i nternedi ate nanhol es. Wen practicable, the center pulling
techni que shall be used to lower pulling tension. That is, the
cabl e shall be pulled fromthe center point of the cable run
towards the end term nation points. The nethod may require the
cable to be pulled in successive pulls. |If the cable is pulled
out of a junction box or manhole the cable shall be protected from
dirt and noisture by laying the cable on a ground coveri ng.

1.3 Servi ce Loops
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Each fiber optic cable shall have service |oops of not less than 3 neters
in length at each end. The service loops shall be housed in a service |oop
encl osure.

3.1.4 Metal | i ¢ Sheat h Groundi ng

Fi ber optic cable with netallic sheath routed in the trench with a power
cabl e shall have the netallic sheath grounded at the cable term nation
poi nt s.

3.1.5 Splices

No splices will be pernmitted unless the length of cable being installed
exceeds the naxi mum standard cable | ength available from a nmanufacturer or
unl ess fiber optic pigtails are used to connect transnitters, receivers, or
ot her system conponents for ternminations to the fiber. Splices shall be
made using the nethod recommended by the cable manufacturer. Splices shal
be housed in a splice enclosure and shall be encapsul ated with an epoxy,
ultraviolet light cured splice encapsul ant or otherw se protected agai nst
infiltration of noisture or contam nants. FO splices shall be field tested
at the tine of splicing. Fusion splices shall have less than 0.2 dB | oss.

Mechani cal splices shall have less than 0.5 dB | oss. There shall be no
nore than 1 splice per kilonmeter in any of the FO cabl es excl uding
termnations. Field splices shall be |ocated in cable boxes. Sufficient
cabl e shall be provided in each splicing location to properly rack and
splice the cables, and to provide extra cable for additional splices.
Cabl e ends shall be protected with end caps except during actual splicing.
During the splicing operations, neans shall be provided to protect the
unspliced portions of the cable and its fibers fromthe intrusion of

noi sture and other foreign nmatter

3.1.6 Connectors

Connectors shall be as specified in paragraph FO CONNECTORS. Fibers at
each end of the cable shall have junpers or pigtails installed of not |ess
than 1 neter in length. Fibers at both ends of the cable shall have
connectors installed on the junpers. The nmated pair |oss, wthout

rotati onal optim zation, shall not exceed 1.5 dB. The pull strength

bet ween the connector and the attached fiber shall not be less than 22.7
ki | ograns.

3.1.7 Identification and Labeling

I dentification tags or |abels shall be provided for each cable. Markers,
tags and | abels shall use indelible ink or etching which will not fade in
sunlight, or in buried or underground applications. Markers, tags, and

| abel s shall not becone brittle or deteriorate for a period of 20 years.
Label all term nation blocks and panels with cabl e nunber or pair
identifier for cables in accordance with EIA ANSI/TI A/ El A-606 and as
specified. The labeling format shall be identified and a conplete record
shall be provided to the Governnment with the final docunentation. Each
cable shall be identified with type of signal being carried and term nation
poi nt s.

3.1.8 Encl osure Sizing and Cabl e

Term nation encl osures shall be sized to acconmopdate the FO equi prent to be
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installed. Sizing shall include sufficient space for service |oops to be
provided and to accommpdate a neat, workmanlike |ayout of equi pnent and the
bend radii of fibers and cables terminated inside the enclosure.

3.1.9 Encl osure Penetrati ons

Encl osure penetrations shall be fromthe bottomand shall be sealed with
rubber silicone sealant to preclude the entry of water. Conduits rising
from underground shall be internally seal ed

3.1.10 Condui t - Encl osure Connecti ons

Condui t - encl osure connections shall be protected by tack wel ding or brazing
the conduit to the enclosure. Tack welding or brazing shall be done in
addition to standard conduit-encl osure connection nethods as described in
NFPA 70. Any danmge to the enclosure or its cover’'s surface protection
shal | be cl eaned and repaired using the same type of surface protection as
the original enclosure.

3.2 TESTI NG
3.2.1 CGener a

The Contractor shall provide personnel, equipnent, instrumentation, and
suppl i es necessary to performtesting.

3.2.2 Contractor’s Field Test

The Contractor shall verify the conplete operation of the data transm ssion
systemin conjunction with field testing associated with systens supported
by the fiber optic data transm ssion systemas specified in Section 16526
prior to formal acceptance testing. Field tests shall include a flux
density test. These tests shall be perfornmed on each Iink and repeated
fromthe opposite end of each link

3.2.2.1 Optical Time Domain Reflectoneter Tests

Optical time domain reflectoneter tests shall be perforned using the FO
test procedures of EIA ANSI/EIA/ Tl A-455-59. An optical time domain
reflectometer test shall be performed on all fibers of the FO cable on the
reel prior to installation. The optical tine domain reflectoneter shall be
calibrated to show anomalies of 0.2 dB as a mininum Phot ographs of the
traces shall be furnished to the Governnment. An optical tinme domain
reflectonmeter test shall be perfornmed on all fibers of the FO cable after
it isinstalled. The optical time domain reflectometer shall be calibrated
to show anomalies of 0.2 dB as a mininum |f the optical time donmain
reflectometer test results show anonmalies greater than 1 dB, the FO cabl e
segment is unacceptable to the Governnent. The unsatisfactory segnents of
cabl e shall be replaced with a new segnent of cable. The new segnent of
cable shall then be tested to denpnstrate acceptability. Photographs of
the traces shall be furnished to the Governnent for each |ink

3.2.2.2 Power Attenuati on Test

Power attenuation test shall be perforned at the |light wavel ength of the
transmtter to be used on the circuit being tested. The flux shall be
nmeasured at the FO receiver end and shall be conmpared to the flux injected
at the transnitter end. There shall be a junper added at each end of the
circuit under test so that end connector |oss shall be validated.
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Rot ati onal optim zation of the connectors will not be permitted. If the
circuit loss exceeds the calculated circuit |loss by nore than 2 dB, the
circuit is unsatisfactory and shall be exanmined to determ ne the problem
The Governnent shall be notified of the problem and what procedures the
Contractor proposes to elinminate the problem The Contractor shall prepare
and subnmit a report docunenting the results of the test.

3.2.2.3 Gai n Margin Test

The Contractor shall test and verify that each circuit has a gain nmargin
whi ch exceeds the circuit loss by at |east 6 dB

3.2.2. 4 Performance Verification Test and Endurance Test
The FO data transmni ssion systemshall be tested as a part of the conpleted
airfield lighting control systemduring the Perfornmance Verification Test
and Endurance Test as specified in Section 16526
-- End of Section --
U S. ARW ENG NEER DI STRI CT, LOS ANGELES

911 Wl shire Blvd
Los Angeles, California 90017 ARMY - C. OO E. - Los Angeles
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